3GPP TSG RAN WG1 #106b-e		R1-2107730
e-Meeting, August 16th – 27th, 2021

Agenda Item:	8.2.5
Source:	Apple Inc.
Title:	Discussion on PDSCH and PUSCH Enhancements for NR above 52.6 GHz
Document for:	Discussion/Decision
Introduction
Based on the SI [1], an updated WID was agreed to in RAN #90-e with the following objectives [3]:
· define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals
· Timeline related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation, and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively.
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
In this contribution, we address the following subjects covered by the objectives including defining the maximum bandwidth for new SCSs, timeline related aspects adapted to each of the new numerologies 480kHz and 960kHz, DMRS and PTRS reference signals and scheduling particularly w.r.t. multi-PDSCH/PUSCH with a single DCI and HARQ. 
Bandwidth
In RAN1 #104-e [5], agreements were made on multiple options for (a) the maximum BW for 960 kHz SCS and (b) the minimum BWs for 120 kHz, 480 kHz and 960 kHz SCSs (see agreements in Section 10.1) for details. An LS was sent to RAN4 to inform about RAN1’s identified options and ask RAN4 to decide and feedback their opinions.

In RAN1 #105-e, RAN4 sent a reply LS in which they have made decisions based on the options sent by RAN1 [9]. On the issue of maximum and minimum channel bandwidths, based on the RAN4 feedback, the following BWs should be used for NR operation between 52.6 GHz and 71 GHz:

· Minimum Channel BW for 120 kHz: 100 MHz
· Minimum Channel BW for 480 kHz: 400 MHz
· Minimum Channel BW for 960 kHz: 400 MHz
· Maximum Channel BW for 120 kHz: 400 MHz
· Maximum Channel BW for 480 kHz: 1600 MHz
· BWs are applicable to both licensed and unlicensed channels subject to further review of licences spectrum block sizes.

The following issues are still pending and RAN1 should wait for RAN4’s decisions: 
· Maximum Channel BW for 960 kHz
· Questions on channelization and # of RBS for each BW.

Conclusion 1: On the issue of maximum and minimum channel bandwidths, based on RAN4 feedback, the following can be concluded: 
· Minimum Channel BW for 120 kHz: 100 MHz
· Minimum Channel BW for 480 kHz: 400 MHz
· Minimum Channel BW for 960 kHz: 400 MHz
· Maximum Channel BW for 120 kHz: 400 MHz
· Maximum Channel BW for 480 kHz: 1600 MHz
· BWs are applicable to both licensed and unlicensed channels subject to further review of licences spectrum block sizes.

The following issues are still pending: 
· Maximum Channel BW for 960 kHz
· Questions on channelization and # of RBS for each BW
Timeline and Processing 
With the introduction of 480 kHz and 960 kHz SCSs, various UE processing timelines set in Rel-15/Rel16 need to be revisited. In RAN1 #104-e and RAN1 #104b-e, agreements were made to derive the timelines on a case-by-case basis for single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling operations in NR operation in 52.6 GHz to 71 GHz with the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines for 480 kHz and 960 kHz SCS (see agreements in Section 10.2).
We propose that the absolute time duration of 120 kHz agreed upon as an upperbound be adopted as the time for all UE processing timelines under consideration. Any tighter times that are proposed  should be based on an additional UE capability. 
As an example, to estimate the PDSCH processing time (N1), PDSCH processing requires channel estimation, phase noise compensation, demodulation and decoding amongst other procedures. These factors have various effects on the N1 and include:

· The use of ICI-based phase noise compensation for OFDM-based systems and a possible increase in the number of PTRS groups for DFT-S-OFDM based systems will also impact N1. 
· The changes associated with multi-slot PDCCH monitoring (including the capability framework, parameters and procedures discussed in Agenda Item 8.2.2) and the use of multi-slot PDSCH with a single DCI may affect the amount of time needed to decode the PDSCH and prepare the associated HARQ-ACK including the value of d1,1  in the equation used to estimate Tproc,1.
· For channel estimation, there is an agreement to further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns [4]. This may result in an increase in the time needed for channel estimation and will impact N1. 

UE processing times may differ between single and multiple PDSCH scheduling. However, we propose that there should be a single set of timelines with no need to differentiate between single and multiple PDSCH scheduling.  This is consistent with Rel-16 and the UE processing timelines for multi-PUSCH transmission in NR-U. 
As discussed, the values of N1, N2, N3, Z1, Z1’, Z2, Z2’, Z3, and Z3’ should be set to the same absolute time as the same timeline for the 120 kHz SCS as shown in the following tables:
Table 1: PDSCH processing time for PDSCH processing capability 1
	µ
	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 0 in DMRS-DownlinkConfig in both  of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ 0 in DMRS-DownlinkConfig in either  of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB or if the higher layer parameter is not configured

	3 (120 kHz)
	20
	24

	5 (480 kHz)
	80
	96

	6 (960 kHz)
	160
	192



Table 2: PUSCH preparation time for PUSCH timing capability 1
	µ
	PUSCH preparation  time N2 [symbols]

	3 (120 kHz)
	36

	5 (480 kHz)
	144

	6 (960 kHz)
	288



Table 3: Minimum gap between the second detected DCI and the beginning of the first PUCCH resource
	µ
	PUSCH preparation  time N2 [symbols]

	3 (120 kHz)
	20

	5 (480 kHz)
	80

	6 (960 kHz)
	160



Table 4: CSI Computation Delay
	µ
	Z1/Z1’/Z2/Z2’/Z3/Z3’

	5 (480 kHz)
	Same absolute time as 120 kHz

	6 (960 kHz)
	



For the values of k0, k1 and k2, there may be a need to increase the range and modify the associated signaling given the increased range. The increase in the UE processing times serves as a lower bound to the values that can be used resulting in minimum values of k0 and k2 that are feasible. Also, given that there may be a minimum PDCCH monitoring periodicity based on the introduction of multi-slot PDCCH monitoring, the values of k0 and k2 have to be extended to cover all the resources between two consecutive PDCCH monitoring occasions. As such it is best to discuss and decide the values of k0/k1/k2 after N1/N2/N3 and the multi-slot PDCCH monitoring details have been decided.  
Proposal 1: the absolute time duration of 120 kHz is adopted as the timeline for all UE processing timelines under consideration. 
· The values of N1, N2, N3, Z1, Z1’, Z2, Z2’, Z3, and Z3’ should be set to the same absolute time as the same timeline for the 120 kHz SCS
· Any tighter timelines that are proposed  should be based on an additional UE capability.

Proposal 2: there should be a single set of timelines with no need to differentiate between single and multiple PDSCH scheduling.
Proposal 3: discuss and decide the values of k0/k1/k2 after N1/N2/N3 and multi-slot PDCCH monitoring details have been decided.
Reference Signals
DMRS
In RAN1 #104-e, agreements were made to  study whether to introduce different DMRS patterns with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation (see Section 10.3).  In addition, agreements were made to study whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS with applicability to Type-1 and/or Type-2 DMRS (see Section 10.3). This section addresses these two issues.

DMRS Density

In large delay spread channels, the coherence bandwidth is such that there may be a need to introduce different DMRS patterns with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS. The existing and new DMRS patterns are shown in Figure 1.

After discussions in RAN1 #104-e, there was quite a lot of support to conclude that no new DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS in Rel-17 but no agreement [11]. 

To demonstrate that no new patterns are needed, we show the BLER performance (Figure 2) and corresponding normalized throughput performance (Figure 3) for the  960 kHz SCS with different channel delay spreads at 5 usec, 10 usecs, and 20 usec for MSCS 22. Note that we assume perfect PTRS compensation to be able to focus on the effect of channel estimation. We also turn off the FD-OCC and  assume a perfect precoder with rank-1 transmission. As the assumption is no data multiplexing is assumed in DMRS symbols, the total throughput is identical  even though the DMRS overhead is different allowing us to use the normalized throughput as a metric. The conclusions may change if data multiplexing is allowed. From the results, although there is a small improvement in BLER performance (and throughput performance), the gain is small enough that the new pattern should not be adopted. (0.5 dB at 10-1 for DS = 20 as shown in Table 5). 


Proposal 4: Conclude that no new DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS in Rel-17.
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	5 ns
	10 ns
	20 ns

	DMRS 15
	14.75
	14.75
	18.25

	DMRS new
	14.5
	14.5
	17.75




FD-OCC Adaptation

The increase in SCS may result in REs that are set at an interval larger than the coherence BW of the channel. This could result in the FD-OCC being transmitted over channels with different magnitudes and phases  and cause the FD-OCC to fail  as the channels should be identical for FD-OCC operation,. To improve channel estimation performance,  the gNB could send an indication to the UE to turn on or off the FD-OCC e.g., based on the coherence bandwidth of the channel as shown in Figure 4.

The result in Table 6 illustrate the benefits of adaptively turning on/off the FD-OCC depending on the frequency selectivity of the channel. The corresponding figures (Figure 5 and  Figure 6) show the performance of a PDSCH transmission using the link level evaluation assumptions in [4]. From the figure, we see that at high frequency selectivity (low coherence bandwidth with 10 nsec and 20 nsecs delay spread) there is a benefit in turning off the FD-OCC and  at lower frequency selectivity (high coherence bandwidth with 5 nsecs delay spread), the benefit reduces. As such, FD-OCC can be turned on to increase the number of antenna ports transmitted.  The use of the FD-OCC with the DMRS may be indicated by the gNB in appropriate scenarios. Note that the directionality of antennas in this band will result in the probability that there will be a small number  of UEs within each beam. This, coupled with the larger bandwidths available in this band will mitigate the reduction in multiplexing capacity that may result from  removing the FD-OCC.

For DMRS type-2 where the DMRS REs are adjacent to each other, the need for adaptation of the FD-OCC is not as great. However, whether FD-OCC works is dependent on the frequency selectivity of the channel and if the channels in the adjacent REs are identical for a given SCS. As such, we think that the FD-OCC adaptation can be used by a UE with DMRS type-2 without any increase in signaling/complexity especially if explicit signaling is used and as such should be applicable.

Proposal 5:  To account for transmission with large SCSs in low coherence BW channels, 
· turn on or off the FD-OCC based on the scenario the channel is in 
· configure the UE with a DMRS port pattern based on the new SCSs and  the coherence bandwidth of the channel 
· This should be applicable to DMRS type-1 and DMRS type-2.
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[bookmark: _Ref68636477]Figure 5: BLER performance for Adaptive FD-OCC with different delay spreads. Type 1 DMRS configuration
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[bookmark: _Ref68636483]Figure 6: Throughput performance for Adaptive FD-OCC with different delay spreads. Type 1 DMRS configuration
[bookmark: _Ref68636422]Table 6: SNR (dB) at BLER = 10% for Adaptive FD-OCC study
	
	5 ns
	10 ns
	20 ns

	DMRS OCC off
	14.75
	14.75
	18.25

	DMRS OCC on
	15.5
	16.6
	inf





Other DMRS Enhancements
In [11], there was a discussion on whether or not to support potential DMRS enhancement for multi-PDSCH/PUSCH scheduling for NR operation in 52.6 to 71 GHz with 480 and/or 960 kHz SCS considering at least the following aspects:
· DMRS overhead reduction (e.g. DMRS-less slot)
· Multi-slot DMRS bundling
· The impact on the UE/gNB processing timeline
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided

Given that there is current work on joint channel estimation for PUSCH  in the Rel-17 coverage enhancement Work Item, to avoid duplication of effort between work items, these enhancements (especially DMRS bundling) should be de-prioritized.  

Proposal 6: Deprioritize the study of DMRS bundling and DMRS overhead reduction for Rel-17 NR above 52.6 GHz operation.
PTRS for CP-OFDM
In RAN1 #104b-e, it was concluded that increased PTRS frequency density is not supported for CP-OFDM at least for the Rel-15 PTRS pattern when the allocated number of RB > 32. It was also agreed to study whether to increase PTRS frequency density for small RB allocations with respect to phase noise compensation performance for CPE and ICI compensation (see agreements in Section 10.3).

In Figure 7 and Figure 8 below, we study the effect of modifying the PTRS density for a 480 kHz SCS system with N_RB = 16 and (K = 0.5, L = 1), (K = 1, L = 1), (K = 2, L = 1) in a 20 nsec delay spread TDL-A channel where K and L are the  PTRS per K number of PRBs, and the PTRS every L number of OFDM symbols respectively.

We make the following observations: 
· In general, there is an improvement in BLER performance with increased PTRS density as seen in Figure 7. However, ICI compensation performs worse than CPE compensation for smaller resource allocation sizes. This may be due to the small number of PTRS available. 
· Increasing the PTRS density results in an improvement in BLER but increases the PTRS overhead. This may result in an effect on the throughput. In Figure 8, focusing on the CPE performance, at lower SNRs (< 15 dB), K = 1 has  the highest spectral efficiency compared with K = 0.5 and K = 2. 
· At lower SNRs (< 15 dB) the improvement in BLER performance for K = 0.5 does not compensate for the loss in throughput due to the  increased overhead  and results in throughput  loss compared with K = 1 
· At lower SNRS (< 15 dB), the loss of BLER performance for K = 2 does not compensate for the increased throughput due to the reduced overhead compared with K = 1.
· At higher SNRs (> 18 dB), the low overhead associated with larger values of K result in the best throughput in spite of lower BLER associated with lower values of K. This is due to the fact that the BLER levels are such that the PTRS overhead becomes the dominating factor.  

We conclude from this study that K = 1 may be needed for smaller allocation sizes especially as it is not supported in Rel-15/Rel-16.  
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[bookmark: _Ref68637088]Figure 7: BLER performance comparing CPE and ICI based PN compensation with different PTRS patterns
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[bookmark: _Ref79140502]Figure 8: Throughput performance comparing CPE and ICI based PN compensation with different PTRS patterns


Observation 1: At lower SNRs, there is a trade-off between the overhead of the PTRS selected and the throughput. Achieving the best throughput performance requires a lower value of K (K =1 ) than is currently available in the Rel-15 specification. 

Proposal 7: RAN1 should support K = 1 for smaller frequency allocation sizes for PTRS in CP-OFDM.

Multi-PDSCH/PUSCH Scheduling and HARQ with a single DCI
In the WI for NR operation between 52.6 GHz and 71 GHz, a multi-slot framework for PDCCH monitoring to limit the overall PDCCH decoding complexity is under discussion. This requires that RAN1 consider increasing the minimum time domain scheduling unit and enable scheduling over this larger unit. To reduce the control signaling overhead within the larger scheduling unit, the WID proposes enhancements for multi-PDSCH/PUSCH scheduling support with a single DCI and corresponding HARQ enhancements to support this.  

In RAN1 104-e, RAN1 #104b-e, and RAN1 #105-e, agreements were made on the design of multi-PDSCH and multi-PUSCH transmission with a single DCI (see agreements in Section 10.7). 

Multi-PUSCH Transmission

For multi-PUSCH transmission with a single DCI, it has been agreed that (a) Rel-17 multi-PUSCH transmission should start with Rel-16 multi-PUSCH transmission as baseline (b) multi-PUSCH can be non-continuous in the time domain (c) and up to 8 PUSCHs can be scheduled (See agreements in Section 10.4). To complete the design, the following enhancements should be considered: 

a) Maximum number of PUSCHs scheduled: The maximum number of PUSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
b) CBG Support and CBGTI signaling: For 480 kHz and 960 kHz transmissions, with the agreement that a PUSCH transmission is limited within a slot, the PUSCH duration is short enough that the benefit of CBG based (re)transmission is not clear.  As such, a clear use case should be made for its adoption. 
c) FDRA: enhance FDRA by increasing the RBG size or changing the allocation granularity.
a. As there may be a limited number of UEs per beam due to the narrow beams in this frequency band, there may be a need to increase the FDRA granularity to allow larger frequency allocations to each UE. For UL Resource Allocation Type 0, this can be done by increasing the RBG sizes above the current limit of 16. For Resource Allocation Type 1, this can be done by modifying the Resource Indicator Value to use a minimum number of allocated RBs and conceptually change the resolution. 
b. In addition, the FDRA bit may be disabled to allow allocation to a single UE especially in the downlink. 
d) Frequency Hopping: inter-slot frequency hopping should be specified for all SCSs while intra-slot frequency hopping should not be supported. The use case for intra-slot frequency hopping needs to be clarified for 480 kHz and 960 kHz given the short duration of each slot.
e) URLLC priority: URLLC priority can be applied to multi-PUSCH transmission. However, to incorporate URLLC priority, a single URLLC priority should be assigned for the multiple PUSCH transmissions in a single DCI.
f) CG PUSCH Interactions: In a scenario where a CG resource lies between the resources of the first and last PUSCH transmission, the UE behaviour needs to be defined. This definition may include:
a. Deciding on if the CG or DG is transmitted e.g., based on the relative priorities of the transmissions. 
b. Modifying the HPN of the DG PUSCH transmissions to account for the HPN of the CG PUSCH in the case that it is transmitted. Given that the HPN of the CG transmission depends on parameters such as the current slot, # of slots per frame and # of HARQ processes, and the HPN of the DG PUSCH is based on the HPN signaled in the DCI, a modification may be needed in case the HPN of both are identical. Note that timeline restrictions between the CG and DG transmissions as in Rel-15  also need to be studied. Finally, the need for a multi-PUCH CG transmission should be considered. 

Signaling for multi-PUSCH transmission depends on whether a single parameter is sufficient for all the PUSCH transmissions (per DCI), or each transmission needs a separate value (per PUSCH). This is discussed in the table below:

	Parameter
	
	Per DCI or Per PUSCH
	Comment

	FDRA
	
	Per DCI
	Additional flexibility can be obtained using frequency hopping rather than having a separate FDRA per PUSCH.

	TDRA
	K2
	Per PUSCH
	Given agreement on non-continuous PUSCH, separate values of K2 are needed per PUSCH. To reduce overhead, the values of K2 in a TDRA row may be set relative to the previous PUSCH.

	
	S,L
	Per PUSCH
	Done: Baseline R16 multi-PUSCH

	
	Mapping Type
	Per PUSCH
	Done: Baseline R16 multi-PUSCH

	MCS
	
	Per DCI
	Done: Baseline R16 multi-PUSCH

	NDI, RV
	
	Per PUSCH
	Done: Baseline R16 multi-PUSCH

	HARQ Process Number
	
	Per DCI and incremented by 1 for subsequent PUSCHs (with modulo operation, if needed)
	Done: Baseline R16 multi-PUSCH. FFS: adjustment based on CG PUSCH HPN.

	Uplink TDAI
	
	FFS
	Need decision on HARQ-ACK codebook.

	CBGTI
	
	FFS
	Need decision on CBG support




Proposal 8: For Rel-17 multi-PUSCH transmission
· The maximum number of PUSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PUSCH transmission.
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz and 960 kHz
· a single URLLC priority should be assigned to a single DCI

Proposal 9: For multi-PUSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, HARQ_process_number (with adjustment based on CG HPN)
· Per PUSCH: TDRA-K2 
· FFS: Uplink TDAI

Multi-PDSCH Transmission
For multi-PDSCH transmission with a single DCI, it has been agreed that (a) multi-PDSCH can be non-continuous in the time domain (b) up to 8 PDSCHs can be scheduled and (c) multi-PDSCH transmission applies to 480 kHz and 960 kHz SCS only, while 120 kHz is FFS (see Section 10). To complete the design, the following enhancements should be considered: 

a) Applicability to 120 kHz: Multiple PDSCH scheduling applies to 120 kHz SCS in addition to 480 and 960 kHz SCS
b) Maximum number of PDSCHs scheduled: The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities.
c) CBG Support and CBGTI/CBGFI signaling: As discussed for multi-PUSCH transmission, this is not absolutely needed and if enabled should be optional. The associated signaling of the CBGTI/CBGFI fields can be decided once a decision on CBG support has been made.
d) FRDA: similar to the multi-PUSCH discussion. 
e) Frequency hopping: similar to the multi-PUSCH discussion.
f) URLLC: similar to the multi-PUSCH discussion.
g) HARQ associated parameters: The following parameters need to be signaled: MCS1/2, NDI 1/2, RV 1/2, HARQ process number, TDAI, c-DAI, PRI, and K1 
a. Additional signaling is needed for the second codeword compared with uplink which is single codeword transmission.
b. New signaling may be needed for PRI, K1, priority, c-DAI, TDAI,  CBGTI and CBGFI (if CBG is supported) to support HARQ compared with multi-PUSCH transmission. 

Signaling for multi-PDSCH transmission depends on whether a single parameter is sufficient for all the PDSCH transmissions (per DCI), or each transmission needs a separate value (per PDSCH). This is discussed in the table below:

	Parameter
	
	Per DCI or Per PDSCH
	Comment

	FDRA
	
	Per DCI
	Additional flexibility in the frequency domain can be obtained using frequency hopping rather than having a separate FDRA per PDSCH.

	TDRA
	Slot offset, K0
	Per PDSCH
	Given agreement on non-continuous PUSCH, separate values of K0 are needed per PUSCH. To reduce overhead, the values of K0 in a TDRA row may be set relative to the previous PDSCH..

	
	S,L
	Per PDSCH
	Done: Similar to multi-PUSCH

	
	Mapping Type
	Per PDSCH
	Done: Similar to multi-PUSCH

	MCS for 1st TB
	
	Per DCI
	Agreement RAN1 #104b-e

	NDI, RV for 1st TB
	
	Per PDSCH
	Agreement RAN1 #104b-e

	MCS for 2nd  TB
	
	Per DCI
	Scheduling of 2nd TB for each PDSCH can be supported based on a UE capability.

	NDI, RV for 2nd  TB
	
	Per PDSCH
	Scheduling of 2nd TB for each PDSCH can be supported based on a UE capability.

	HARQ Process Number
	
	Per DCI and incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
	Agreement RAN1 #104b-e. Need for adjustment based on CG PUSCH.

	VRB-to-PRB mapping
	
	Per DCI
	

	PRB bundling size
	
	Per DCI
	

	Rate matching indicator
	
	Per PDSCH
	

	ZP CSI-RS trigger
	
	Per DCI
	

	CBGTI/CBGFI
	
	FFS
	Need decision on CBG support

	K1, PRI
	
	FFS
	Need decision on if single or multiple PUCCH allowed per multi-PDSCH transmission.

	c-DAI, T-DAI
	
	FFS
	Need decision on HARQ-ACK codebook and interaction with COT in unlicensed channel access.




Proposal 10: For multi-PDSCH transmission support transmission of a second codeword and its associated signaling based on UE capability.

Proposal 11: For Rel-17 multi-PDSCH transmission
· Multiple PDSCH scheduling applies to 120 kHz SCS in addition to 480 and 960 kHz SCS
· The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PDSCH transmission.
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz  and 960 kHz
· a single URLLC priority should be assigned to a single DCI
· New signaling may be needed for the PRI, K1, priority, DAI, CBGTI and CBGFI fields to support HARQ compared with multi-PUSCH transmission. 

Proposal 12: For multi-PDSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, 2nd MCS, HARQ_process_number (with adjustment based on CG HPN), and VRB-to-PRB mapping, PRB bundling size and ZP CSI-RS trigger
· Per PUSCH: TDRA-K0, 2nd NDI, 2nd RV, rate matching indicator, 
· FFS: C-DAI, Downlink T-DAI, CGBTI/CBGFI, K1, and PRI.


Multi-PDSCH and multi-PUSCH Transmission

In RAN1 #104b-e, it has been agreed that a row of the TDRA table can indicate PxSCHs (PDSCHs or PUSCHs) that are in consecutive or non-consecutive slots. It is necessary to decide on if (a) the maximum value of the gap between tow consecutive transmissions (b) the maximum value of the gap between the first and the last scheduled transmission and  (c) the UE behavior in the case it receives a new resource allocation during the multi-PxSCH transmission. 

For full flexibility, RAN1 should support slot level gaps (a gap of larger than one slot) between consecutive PxSCH transmission. In order to flexibly support non-continuous resource allocation in time-domain with slot level gaps, the following options can be considered for TDRA enhancements:
· Option 1: {SLIV, mapping type, scheduling offset K0/K2} for each PDSCH/PUSCH in a row of TDRA table
· Option 1a: {SLIV, mapping type, distance between PXSCHs} for each PDSCH/PUSCH in a row of TDRA table
RAN1 should also support at most one PxSCH transmission being scheduled per slot implying only one SLIV per slot. Due to the short duration of slots for 480 kHz and 960 kHz, multiple PxSCH transmissions per slot are not needed. 

The maximum gap between any two consecutive PxSCH transmission should factor in the parameters for multi-slot PDCCH monitoring (e.g. 4 slots for 480 kHz and 8 slots for 960 kHz) as the UE will not be receive any DCI  within this interval and should expect to be able to be scheduled any number of times anywhere in the interval.  

The maximum gap between the first and last transmissions should be selected  to:
· reduce the memory needed for buffering as this increases in the case of a very large interval between first and last transmissions.
· Account for the use of a single MCS in the DCI to limit the loss in performance based on channel variation over the duration of the multi-PDSCH transmission due to the use of a single MCS for the duration of the channel. Note that for PDSCH transmission, a modification to the CQI feedback procedure may be needed to enable CSR-RS configuration and CQI feedback suitable for multi-PDSCH transmission with a single DCI.

In the case that the gap between the 1st and last transmission may be greater than the interval between consecutive PDCCH MOs, UE behavior on what happens if a new transmission is scheduled before the original multi-PxSCH transmission is completed needs to be decided. RAN1 should decide if interruption is allowed and allow cancellation of the multi-PxSCH transmission if the gNB may need to make a change mid-transmission. 

Proposal 13: In order to support non-continuous resource allocation in time-domain, the following options can be considered for TDRA enhancements:
· Option 1: {SLIV, mapping type, scheduling offset K0/K2} for each PDSCH/PUSCH in a row of TDRA table
· Option 1a: {SLIV, mapping type, distance between PXSCHs} for each PDSCH/PUSCH in a row of TDRA table
Proposal 14: In Rel-17 for NR 52.6-71 GHz, UE does not expect to be scheduled with more than one PDSCHs/PUSCHs in a slot 

Proposal 15: The maximum gap between any two consecutive PxSCH transmission should factor in the parameters for multi-slot PDCCH monitoring (e.g. 4 slots for 480 kHz and 8 slots for 960 kHz)

Proposal 16: The maximum gap between the first and last PxSCH transmissions should be selected to (a) limit the memory needed for buffering and (b) account for the use of a single MCS in the DCI.
· UE behaviour such as CQI feedback and transmission cancellation should be addressed. 

HARQ Feedback for Multi-PDSCH Scheduling with a Single DCI
Rel-15 HARQ is defined per slot, while Rel-16 HARQ is defined per sub-slot. To support multi-slot PDCCH monitoring, multi-slot scheduling and multi-PDSCH transmission in Rel-17, the HARQ operation needs to be reviewed. 

Type-1 Codebook for multi-PDSCH Transmission
In RAN1 #104b-e, it was agreed to enhance the Type-1 codebook for multi-PDSCH transmission, with an agreement on Option 1 decided in RAN1 #105-e (see agreements in Section 10.6):  

· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions are determined according to each SLIV of each row in the TDRA table

The output of the codebook procedure may then be bundled to reduce the overhead of the codebook.

In option 1, the following procedure (including bundling) may be followed [6][8]:
· Step 1: For each K1 value in the configured set of K1 values, determine the candidate PDSCH reception occasions for every row r in the TDRA table. Each row r in the TDRA table schedules one or multiple PDSCHs. The corresponding set of candidate PDSCH reception occasions are identified by placing the last PDSCH in slot (nU - K1), where nU is the slot number for the HARQ ACK codebook transmission, so that the HARQ ACK bits for the PDSCH(s) scheduled by row r can be multiplexed in the HARQ ACK codebook transmitted in slot nU. For each K1, create a set from the union of candidate PDSCH reception occasions over all rows of the TDRA table.
· Step 2: Merge all sets corresponding to the different K1 values together, keeping only unique candidate PDSCH reception occasions. 
· Step 3: Generate HARQ ACK bits for the set of unique (pruned) candidate PDSCH reception occasions generated in Step 2. The HARQ-ACK information bits in response to the candidate PDSCH reception occasions are ordered in according to ascending slot indices.
· Step 4: The output of the  codebook procedure is grouped into bundles with a maximum # (M) of HARQ-ACK bits per HARQ-ACK bundle X. The bits in each bundle undergo an “AND” operation as output to the codebook. The gNB may configure or dynamically signal M to  the  UE. This ensures that each bit in the codebook has the same “reliability”. In scenarios where the # HARQ-ACK bits is not a multiple of X, the last bundle will contain HARQ-ACKs corresponding to a smaller # of HARQ-ACK bits. 

We illustrate this by constructing HARQ-ACK codebooks in the following example in which we have a 6 row TDRA table (see Table 7) with a maximum of 6 SLIVs per row and a configured K1 set = {1,2} and M (bundling size) = 2 (note that in this example the TRDA table is constructed so that the gap between PDSCHs may be greater than a slot): 
[bookmark: _Ref79166453]Table 7: TDRA Table
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Option 1 extends the K1 set to K1 = {1,2,3,4,5,6,7} and results in a codebook size of 14 bits as shown in Figure 9 below. Assuming M = 2, then the resulting codebook has a size of 7 bits. (Note that the use of the colored slots indicates that the PDSCH transmissions are used in the construction of the codebook):
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[bookmark: _Ref79166582]Figure 9: Codebook Construction with Bundling

It was also agreed that in the case that a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not receive the PDSCH. Note that the same behaviour may be used in the case that the gNB sends an invalidSymbol pattern to the UE. 

This has an effect on multiple HARQ issues:
1. HARQ Process Numbering: In this case, as the PDSCH is skipped, the HARQ process number may be incremented assuming a virtual PDSCH is transmitted. Alternatively, the increment may also be skipped.
2. Semi-static HARQ-ACK codebook construction: In this case, although both the gNB and UE know that the PDSCH will not be transmitted and can optimize the codebook to reduce the codebook size, the HARQ-ACK bits for aall PDSCHs are kept in the codebook (as a virtual PDSCHs) and set to NACK even if intersecting with invalid symbol symbols


Proposal 17: The output of the  codebook procedure is grouped into bundles with a maximum # (M) of HARQ-ACK bits per HARQ-ACK bundle X. The bits in each bundle undergo an “AND” operation as output to the codebook.


Proposal 18: In case of an uplink symbol (or other invalid symbol), the HARQ process number may be incremented assuming a virtual PDSCH is transmitted, or the increment may be skipped. The HARQ-ACK bits for all PDSCHs are kept in the codebook (as a virtual PDSCHs) and set to NACK even if intersecting with invalid symbol symbols.

Type-2 Codebook for multi-PDSCH Transmission
One more FFS aspects related to HARQ-ACK feedback for multi-PDSCH transmission is how to generate Type-2 HARQ-ACK codebook. The HARQ-ACK codebook size and HARQ-ACK bits ordering in a Type-2 HARQ-ACK codebook are determined based on T-DAI field and C-DAI field, respectively. Misdetection of the scheduling DCI(s) may result in HARQ-ACK codebook size misalignment between the gNB and UE.  

In the RAN1 #104-e meeting, different alternatives to DAI counting were extensively discussed, including counting per scheduling DCI (Alt.1), per single scheduled PDSCH (Alt.2), or per ‘M’ scheduled PDSCHs with M being configurable (Alt.3). The characteristics of the different alternatives were discussed and concluded on in RAN1 #104b-e. In addition, the number of addressable PDSCHs has been agreed as up to eight.   

In Rel-15/16, the C-DAI and T-DAI field size is 2 bits for each and the HARQ-ACK numbering is wrapped around by modulo four. Keeping a 2-bit C-DAI/T-DAI field size and re-defining the Type-2 codebook construction as Alt.2, i.e., counting per a single scheduled PDSCH, would result in misaligned codebook sizes between the gNB and UE. To achieve the same level of robustness for Type-2 HARQ-ACK feedback, the size of C-DAI/T_DAI IE has to be increased accordingly. For example, the size for each field of C-DAI/T-DAI needs to be increased from 2 to 5 bits assuming up to 8 PDSCHs can be scheduled with multi-PDSCH scheduling operation, which requires 10 bits in total.    

On the other hand, Alt.3 reuses the Rel-15/16 definition and functionalities of C-DAI/T-DAI field, which avoids increasing DCI overhead and minimizes the standardization effort. To mitigate the HARQ-ACK codebook size misalignment between gNB and UE, similar to CBG-based HARQ-ACK codebook determination, the UE may generate ‘M’ HARQ-ACK bits for each multi-PDSCH scheduling, appending ‘NACK’s to the end of HARQ-ACK sequences if the number of PDSCHs within a multi-PDSCH is smaller than ‘M’ bits. The ACK-NAK bit number is equivalent to Alt. 1. 

To control the HARQ-ACK bits payload size, the ‘M’ value of the HARQ-ACK bits can be smaller than the maximum number of PDSCHs in a multi-PDSCH, which effectively enables a HARQ-ACK time-domain bundling operation. As one example, M = 4 when the maximum number of PDSCHs equals to 8. The ‘M’ HARQ-ACK bits can be generated by evenly grouping  PDSCHs into ‘M’ subgroups with each consisting of   or   PDSCH. Then, HARQ-ACK bundling is conducted within each subgroup. 
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Figure 2: HARQ-ACK bits determination for multi-PDSCH scheduling with Alt.2 and Alt.3 

Figure 2 provides one example of HARQ-ACK codebook size determination, assuming a given UE is configured with 6 CCs. In addition, the number of actually scheduled PDSCHs in multi-PDSCHs on different CCs was assumed to be varied as: 8 PDSCHs on CC#0, 3 PDSCHs on CC#2, 6 PDSCHs on CC4, 4 PDSCHs on CC#4, no PDSCH scheduled on CC#1 and CC#3. Furthermore, M =4 is configured by RRC to tradeoff between UL HARQ-ACK overhead and PDSCH retransmission efficiency. With Alt.3, UE generates four HARQ-ACK bits per CC as follows:

· CC#0: referring to FIG.2, 4 sub-groups were determined to perform HARQ-ACK bundling operation within each sub-group to generate 4 HARQ-ACK bits. Assuming UE fails decoding PDSCH #6 and others were successfully decoded, <ACK, ACK, NACK, ACK> would be generated for this CC. 
· CC#2: The total number of scheduled PDSCH is smaller than ‘M=4’. With Alt.3, one ‘NACK’ would be appended to the end of <ACK, ACK, NACK>. 
· Similarly, <ACK, ACK, ACK, NACK> and <ACK, ACK, ACK, ACK > were generated for PDSCHs on CC#4 and CC#5, respectively. 

We therefore propose the following to support Type-2 HARQ-ACK codebook for multi-PDSCH operation:   

Proposal 19: Reusing the existing C-DAI and T-DAI definition in Rel-15/6, i.e., counting per DCI. 

Proposal 20: Introduce signaling mechanism to enable generating a HARQ-ACK bit per ‘M’ scheduled PDSCHs in a multi-PDSCH scheduling by performing HARQ-ACK bundling to compress the HARQ-ACK bits overhead. 

In RAN1 105 e-meeting, agreements were made for Alt.1 to minimize the HARQ-ACK codebook size by generating two sub-codebooks (see agreement in Section 10.7): 

Several design details remain FFS e.g., how to align the size of HARQ-ACK feedback corresponding to different DCIs and how to handle the case without PDSCH scheduling including SPS-PDSCH release and SCell dormancy indication. 

In our view, the PDCCH-only cases (i.e., SPS release or SCell dormancy indication without PDSCH) always generate a single HARQ-ACK bit. It is important to group them into the first sub-codebook such that unnecessary HARQ-ACK bits feedback is avoided. Note that the codebook ambiguity concern can be simply addressed based on the C-DAI value of the subsequence DCI in the first sub-group.

To further optimize the Alt.1 and reduce the HARQ-ACK payload, a threshold value can be configured by SIB or UE-dedicated signaling. In case the number of scheduled PDSCH by a single DCI is smaller than the threshold, the associated HARQ-ACK bits f are added into the first sub-group. With this optimization, the HARQ-ACK codebook size maybe further reduced, which depends on the CCs number that is configured with TDRA table containing rows each with a single SLIV.         
 
Proposal 21: For a CC that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs, the HARQ-ACK for SPS PDSCH release and SCell dormancy indication without scheduled PDSCH should be included in the first HARQ-ACK sub-codebook. 
 
Proposal 22: Consider introducing a configurable threshold (e.g., 2) to allow M PDSCHs scheduled by a single DCI to be included into the first HARQ-ACK sub-codebook where M<= threshold.

Multiple PUCCHs per multi-PDSCH transmission
One FFS is related to whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s). Allowing multiple PUCCHs per multi-PDSCH transmission may increase the signaling overhead to enable identification of the different PUCCHs, may increase the complexity with which the PUCCH resources are selected but may reduce latency.

In a scenario with multiple PUCCHs for multi-PDSCH transmission, an updated design is desired for multiple issues such as signaling and codebook design. For example, there are issues to address with respect to: (1) signaling the PDSCH-to-HARQ_feedback timing indicator, K1; (2) identifying the PDSCH set associated with a PUCCH; (3) Update of the Type 1 HARQ-ACK codebook design to accommodate the multiple PUCCHs ; and (4) update of the Type 2 HARQ-ACK codebook design to accommodate the multiple PUCCHs.

However, the issue of whether a single PUCCH should be scheduled per multi-PDSCH transmission may be determined by channel access in an unlicensed band. 

RAN1 needs to decide whether a multi-PxSCH transmission can occur across multiple COTs and the specify the UE behavior in the case that one or more of the transmissions occurs outside a valid COT. If cross-COT multi-PDSCH scheduling occurs, RAN1 needs to decide whether the HARQ feedback for all the transmissions occurs in one PUCCH at the end of the transmissions or it occurs separately per COT. 

Three different scenarios are shown in the Figures below:  
· Single HARQ-ACK feedback for Multi-PDSCH transmissions within a single COT. 
· Single HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
· Per COT HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
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Figure 10: Single HARQ-ACK feedback for multi-PDSCH transmissions within a  single COT. 
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Figure 11: Single HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
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Figure 12: Per COT HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
Ideally, to limit signaling overhead and reduce UE complexity, the UE should not expect a multi-PDSCH transmission to occur across COTs and should not support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI being carried by different PUCCH(s).

Observation 2: HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI carried by different PUCCHs affects the UE complexity, signaling overhead and transmission latency.

Proposal 23: RAN1 should decide whether a multi-PxSCH transmission can occur across multiple COTs and the specify the UE HARQ-ACK feedback behavior in the case that one or more of the PDSCH transmissions occurs outside a valid COT.

Proposal 24: RAN1 should support a single HARQ-ACK feedback for multi-PDSCH transmissions within a single COT only. 

HARQ ACK Codebook and BWP switching

In Rel-15/Rel-16 if slot n_u starts at a same time as or after a slot for an active DL BWP change on serving cell  c or an active UL BWP change on the PCell and slot [image: Text

Description automatically generated with medium confidence]  is before the slot for the active DL BWP change on serving cell  c or the active UL BWP change on the PCell then we skip this downlink slot. This behavior should be evaluated for multi-PDSCH transmission.

1. The UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted
2. The UE will only send HARQ-ACK bits for the effective K1 values after the BWP switch. 

Note that in the case of UCI multiplexing on multi-PUSCH transmission, RAN1 should discuss if each PUSCH can be multiplexed on or if UCI multiplexing is allowed on only one of the PUSCH transmissions. 

Proposal 25: In the case of BWP switching during multi-PxSCH transmission 
· Option 1: The UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted
· Option 2: The UE will only send HARQ-ACK bits for the effective K1 values after the BWP switch. 


Conclusion
In this contribution, we have the following observations, proposals, and conclusions:
Conclusion 1: On the issue of maximum and minimum channel bandwidths, based on RAN4 feedback, the following can be concluded: 
· Minimum Channel BW for 120 kHz: 100 MHz
· Minimum Channel BW for 480 kHz: 400 MHz
· Minimum Channel BW for 960 kHz: 400 MHz
· Maximum Channel BW for 120 kHz: 400 MHz
· Maximum Channel BW for 480 kHz: 1600 MHz
· BWs are applicable to both licensed and unlicensed channels subject to further review of licences spectrum block sizes.

The following issues are still pending: 
· Maximum Channel BW for 960 kHz
· Questions on channelization and # of RBS for each BW

Proposal 1: the absolute time duration of 120 kHz is adopted as the timeline for all UE processing timelines under consideration. 
· The values of N1, N2, N3, Z1, Z1’, Z2, Z2’, Z3, and Z3’ should be set to the same absolute time as the same timeline for the 120 kHz SCS
· Any tighter timelines that are proposed  should be based on an additional UE capability.

Proposal 2: there should be a single set of timelines with no need to differentiate between single and multiple PDSCH scheduling.
Proposal 3: discuss and decide the values of k0/k1/k2 after N1/N2/N3 and multi-slot PDCCH monitoring details have been decided.
Proposal 4: Conclude that no new DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS in Rel-17.

Proposal 5:  To account for transmission with large SCSs in low coherence BW channels, 
· turn on or off the FD-OCC based on the scenario the channel is in 
· configure the UE with a DMRS port pattern based on the new SCSs and  the coherence bandwidth of the channel 
· This should be applicable to DMRS type-1 and DMRS type-2.

Proposal 6: Deprioritize the study of DMRS bundling and DMRS overhead reduction for Rel-17 NR above 52.6 GHz operation.

Observation 1: At lower SNRs, there is a trade-off between the overhead of the PTRS selected and the throughput. Achieving the best throughput performance requires a lower value of K (K =1 ) than is currently available in the Rel-15 specification. 

Proposal 7: RAN1 should support K = 1 for smaller frequency allocation sizes for PTRS in CP-OFDM.

Proposal 8: For Rel-17 multi-PUSCH transmission
· The maximum number of PUSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PUSCH transmission.
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz and 960 kHz
· a single URLLC priority should be assigned to a single DCI

Proposal 9: For multi-PUSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, HARQ_process_number (with adjustment based on CG HPN)
· Per PUSCH: TDRA-K2 
· FFS: Uplink TDAI

Proposal 10: For multi-PDSCH transmission support transmission of a second codeword and its associated signaling based on UE capability.

Proposal 11: For Rel-17 multi-PDSCH transmission
· Multiple PDSCH scheduling applies to 120 kHz SCS in addition to 480 and 960 kHz SCS
· The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· A clear use case should be made for CBG support for multi-PDSCH transmission.
· The FDRA size should be optimized to reduce the FDRA overhead. 
· Support inter-slot frequency hopping and NOT intra-slot frequency hopping for 480 kHz  and 960 kHz
· a single URLLC priority should be assigned to a single DCI
· New signaling may be needed for the PRI, K1, priority, DAI, CBGTI and CBGFI fields to support HARQ compared with multi-PUSCH transmission. 

Proposal 12: For multi-PDSCH scheduling with a single DCI the following fields are signaled: 
· Per DCI: FDRA, 2nd MCS, HARQ_process_number (with adjustment based on CG HPN), and VRB-to-PRB mapping, PRB bundling size and ZP CSI-RS trigger
· Per PUSCH: TDRA-K0, 2nd NDI, 2nd RV, rate matching indicator, 
· FFS: C-DAI, Downlink T-DAI, CGBTI/CBGFI, K1, and PRI.

Proposal 13: In order to support non-continuous resource allocation in time-domain, the following options can be considered for TDRA enhancements:
· Option 1: {SLIV, mapping type, scheduling offset K0/K2} for each PDSCH/PUSCH in a row of TDRA table
· Option 1a: {SLIV, mapping type, distance between PXSCHs} for each PDSCH/PUSCH in a row of TDRA table
Proposal 14: In Rel-17 for NR 52.6-71 GHz, UE does not expect to be scheduled with more than one PDSCHs/PUSCHs in a slot 

Proposal 15: The maximum gap between any two consecutive PxSCH transmission should factor in the parameters for multi-slot PDCCH monitoring (e.g. 4 slots for 480 kHz and 8 slots for 960 kHz)

Proposal 16: The maximum gap between the first and last PxSCH transmissions should be selected to (a) limit the memory needed for buffering and (b) account for the use of a single MCS in the DCI.
UE behavior such as CQI feedback and transmission cancellation should be addressed.

Proposal 17: The output of the  codebook procedure is grouped into bundles with a maximum # (M) of HARQ-ACK bits per HARQ-ACK bundle X. The bits in each bundle undergo an “AND” operation as output to the codebook.

Proposal 18: In case of an uplink symbol (or other invalid symbol), the HARQ process number may be incremented assuming a virtual PDSCH is transmitted, or the increment may be skipped. The HARQ-ACK bits for all PDSCHs are kept in the codebook (as a virtual PDSCHs) and set to NACK even if intersecting with invalid symbol symbols.

Proposal 19: Reusing the existing C-DAI and T-DAI definition in Rel-15/6, i.e., counting per DCI. 

Proposal 20: Introduce signaling mechanism to enable generating a HARQ-ACK bit per ‘M’ scheduled PDSCHs in a multi-PDSCH scheduling by performing HARQ-ACK bundling to compress the HARQ-ACK bits overhead. 

Proposal 21: For a CC that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs, the HARQ-ACK for SPS PDSCH release and SCell dormancy indication without scheduled PDSCH should be included in the first HARQ-ACK sub-codebook. 
 
Proposal 22: Consider introducing a configurable threshold (e.g., 2) to allow M PDSCHs scheduled by a single DCI to be included into the first HARQ-ACK sub-codebook where M<= threshold.

Observation 2: HARQ-ACK information corresponding to different PDSCHs scheduled by a single DCI carried by different PUCCHs affects the UE complexity, signaling overhead and transmission latency.

Proposal 23: RAN1 should decide whether a multi-PxSCH transmission can occur across multiple COTs and the specify the UE HARQ-ACK feedback behavior in the case that one or more of the PDSCH transmissions occurs outside a valid COT.

Proposal 24: RAN1 should support a single HARQ-ACK feedback for multi-PDSCH transmissions within a single COT only. 

Proposal 25: In the case of BWP switching during multi-PxSCH transmission 
· Option 1: The UE does not expect an UL or DL BWP change on the serving cell after the DCI scheduling the multi-PDSCH transmission and until the PUCCH is transmitted
· Option 2: The UE will only send HARQ-ACK bits for the effective K1 values after the BWP switch. 
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Assumptions
Assumptions are based on the following agreement in [4]
Agreement:
Proposal 5-1a in R1-2102072 is agreed with the following modification:
· In the row for PTRS configuration, change the text to “Companies are asked to report details of PN compensation method(s) with corresponding receiver complexity and details of PTRS enhancement (including any modifications to sequences) for CP-OFDM if evaluated. For example, for block based PTRS enhancement, the number of PTRS blocks per OFDM symbol, the number of PTRS REs per block, and the placement of PTRS blocks in each OFDM symbol are required to be provided if evaluated”

[bookmark: _Ref71451442]Agreements
[bookmark: _Ref79028589]Bandwidth Agreements 
In RAN1 #104-e, the following agreements were made on Bandwidth [4]:

	Agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz,
· The maximum channel bandwidth for 120 kHz SCS is 400 MHz
· The maximum channel bandwidth for 480 kHz SCS is 1600 MHz
· The maximum channel bandwidth for 960 kHz SCS is one of the following options
· 2000 MHz
· 2160 MHz
· Send LS to RAN4 to inform about RAN1’s agreement of maximum channel bandwidth and ask RAN4 to decide and feedback the exact value of maximum channel bandwidth for 960 kHz SCS, the corresponding numbers of RBs for the maximum channel bandwidth of SCS(s) supported in 52.6 GHz to 71 GHz. 


Agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz, at least the following options on minimum channel bandwidth are identified. 
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· Further study in RAN1 the above options’ implications on RAN1 design and specification
· Send LS to RAN4 to inform about RAN1’s identified options of minimum channel bandwidth and ask RAN4 to decide and feedback the minimum channel bandwidth




[bookmark: _Ref79030260]Timeline and Processing Agreements 
In RAN1 #104-e, the following agreements were made on Timeline [4]:

	Agreement:
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines (not related to PDCCH monitoring) for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz
· RAN1 strives to reduce the absolute time durations from the upper bound if feasible
· FFS: How to derive timeline values
· Case by case study
FFS: model-based approach for selected timelines, e.g. exponential models, projection based on log-linear regression, etc.

Agreement:
Further study at least the following aspects of timelines to support both single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz. 
· Time unit and applicability to selected timelines
· Value and/or range of value
· Potential impact on UE capability

Agreement:
· The following UE processing timelines are prioritized for discussion
· PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
· configuration(s)/default values of k0 (PDSCH), k1 (HARQ), k2 (PUSCH)
· CSI processing time, Z1, Z2, and Z3, and CSI processing units
· Note: the order of the above sub-bullets represents the priority for discussion in descending order
· Companies are encouraged to provide preferred values/ranges of timelines for discussion

Agreement: 
FFS: The need for enhancements and standardization, of the following additional processing timelines:
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH
· SRS, PUCCH, PUSCH, PRACH cancellation with dynamic SFI
· ZP CSI Resource set activation/deactivation
· Application delay of the minimum scheduling offset restriction
· timing aspects related to cross carrier operation



In RAN1 #104b-e, the following agreements were made on Bandwidth and Timeline [5]:

	Agreement:
A model-based approach is not used to derive the timelines for single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz.



[bookmark: _Ref79036498]Reference Signal Agreements
In RAN1 #104-e, the following agreements were made on Reference Signals [4]:

	Agreement:
Proposal 5-1a in R1-2102072 is agreed with the following modification:
· In the row for PTRS configuration, change the text to “Companies are asked to report details of PN compensation method(s) with corresponding receiver complexity and details of PTRS enhancement (including any modifications to sequences) for CP-OFDM if evaluated. For example, for block based PTRS enhancement, the number of PTRS blocks per OFDM symbol, the number of PTRS REs per block, and the placement of PTRS blocks in each OFDM symbol are required to be provided if evaluated”


Agreement:
· At least existing PTRS design for CP-OFDM is supported for NR operation in 52.6 to 71 GHz.
· Companies are encouraged to study the need of potential PTRS enhancement for CP-OFDM with respect to phase noise compensation performance considering at least the following aspects:
· PTRS density/pattern (e.g., distributed, block-based) and sequence (e.g., cyclic sequence)
· Frequency domain power boosting and its impact to PDSCH performance and PDSCH to DMRS EPRE
· Receiver complexity, including possible aspects related to supporting both existing PTRS design and potential PTRS enhancement
· Possible specification impact of supporting potential PTRS enhancement in addition to existing PTRS design
· Note: PTRS overhead should be accounted for in the evaluations, e.g., by showing spectral efficiency results and/or reporting effective coding rate
· Note: the decision to support potential enhanced PTRS design in addition to existing PTRS design will be made based on performance benefit, receiver complexity and specification effort aspects of enhanced PTRS design together and not purely on the considerations of the specification effort caused by supporting potential enhanced PTRS design in addition to existing PTRS design.


Agreement:
Companies are encouraged to study at least the following aspects for potential PTRS enhancement for DFT-s-OFDM for NR operation in 52.6 to 71 GHz
· The need of potential PTRS enhancement
· PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled


Agreement:
· Existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 120 kHz SCS.
· At least existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether and how to restrict DMRS port configuration (e.g., the number of DMRS ports) as in FR2 for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS


Agreement:
Further study on at least the following aspects of potential DMRS enhancement with respect to FD-OCC:
· whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS
· Applicability to Type-1 and/or Type-2 DMRS
· Details on whether and how to indicate that FD-OCC is not applied to DMRS port
· Impact to UE multiplexing capacity and inter-UE interference in MU-MIMO 




In RAN1 #104b-e, the following agreements were made on Reference Signals [5]:

	Agreement:
Continue study at least the following aspects for potential PTRS enhancement for DFT-s-OFDM for NR operation in 52.6 to 71 GHz
· The need of potential PTRS enhancement
· PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled
· (Ng = 8, Ns = 4, L = 1), (Ng = 16, Ns = 2, L = 1), (Ng = 16, Ns = 4, L = 1), 
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols
· Other patterns are not precluded
· Other aspects of PTRS enhancements are not precluded from further study


Agreement:
· It is recommended to strictly follow and evaluate at least based on assumptions which are not optional in previous agreed LLS assumptions for study of potential RS enhancements for NR operation in 52.6 to 71 GHz.
· Note: evaluation based on optional model/scenario/parameter values are not precluded from being considered for discussion and decisions
· Companies are encouraged to report results (along with previously reported aspects and cubic metric for power boosting aspects) at least for SINR in dB achieving PDSCH/PUSCH BLER of 10% in a numerical and tabular way (e.g., adapted from LLS result report template in SI).
· Note: other ways of presentation of results (e.g., BLER curve) is not precluded 

Agreement:
· In Rel-17, for NR operation in 52.6 – 71 GHz, conclude that increased PTRS frequency density is not supported for CP-OFDM at least for Rel-15 PTRS pattern when the allocated number of RB > 32
· Companies are encouraged to study whether to increase PTRS frequency density for small RB allocations for CP-OFDM for NR operation in 52.6 to 71 GHz with respect to phase noise compensation performance
· CPE and ICI PN compensation
· Note: Results for CPE compensation-only are to be reported for reference
· (K = 0.5, L = 1), (K = 1, L = 1), (K = 2, L = 1),
· Note: PTRS per K number of PRBs, and PTRS every L number of OFDM symbols
· Number of RBs: 8, 16, 32
· Other values of K and number of RBs are not precluded 
· Study on other aspects of potential PTRS enhancement (e.g., decreased PTRS frequency density) is not precluded 



[bookmark: _Ref79147438]Multi-PxSCH Scheduling and HARQ agreements 

In RAN1 #104-e, the following agreements were made on multi-PxSCH scheduling and HARQ with a single DCI  [4]:

	Agreement:
The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17.
· FFS: Applicability to multi-PDSCH scheduling. 

Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.


Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· CBGTI: Whether CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).
· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).
· TDRA: Down-select among
· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signaled by the number of indicated valid SLIVs in the row of the TDRA table signaled in DCI.
· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signaled by the number of indicated valid SLIVs in the row of the TDRA table signaled in DCI.
· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signaled in DCI.
· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity
· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs
· Applicability to multi-PDSCH scheduling in Rel-17. 
· Note: Other enhancements are not precluded.




In RAN1 #104b-e, the following agreements were made on multi-PxSCH scheduling and HARQ with a single DCI [5]:

	Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS
Agreement:
For a DCI that can schedule multiple PDSCHs,
· MCS for the 1st TB: This appears only once in the DCI and applies commonly to the first TB of each PDSCH
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
· HARQ process number: This applies to the first scheduled PDSCH and is incremented by 1 for subsequent PDSCHs (with modulo operation, if needed). 
· FFS:
· MCS/NDI/RV for the 2nd TB for each PDSCH, including whether scheduling of the 2nd TB for each PDSCH can be supported or not
· Details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger
· Whether/how to signal CBGFI/CBGTI if CBGFI/CBGTI is supported for multi-PDSCH scheduling
· Details of fields that are common with multi-PUSCH scheduling, e.g., TDRA, FDRA, priority indicator, including potential enhancements


Agreement:
· For a DCI that can schedule multiple PUSCHs,
· TDRA: Alt 2 (TDRA table is extended such that each row indicates up to 8 multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.), as per agreement made in RAN1#104-e
· FFS: signaling details
· Note: Alt 2 does not preclude continuous resource allocation in time-domain.
· For a DCI that can schedule multiple PDSCHs,
· TDRA: TDRA table is extended such that each row indicates up to 8 multiple PDSCHs (that can be non-continuous in time-domain). Each PDSCH has a separate SLIV and mapping type. The number of scheduled PDSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: signaling details
· Note: This does not preclude continuous resource allocation in time-domain.
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.




In RAN1 #105-e, the following agreements were made on multi-PxSCH scheduling and HARQ with a single DCI [10]:

	Agreement:
· Do not use fallback DCI (i.e., DCI formats 0_0 and 1_0) for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI.
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.

[bookmark: _Hlk72788144]Conclusion:
For a DCI that can schedule multiple PUSCHs,
· CSI-request: When the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.

Agreement:
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not receive the PDSCH.
· FFS on how to handle HARQ-related issue for the PDSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PDSCHs by a single DCI, where every PDSCH is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit the PUSCH.
· FFS on how to handle HARQ-related issue for the PUSCH (e.g., HARQ process numbering)
· The UE does not expect to be scheduled with multiple PUSCHs by a single DCI, where every PUSCH is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.


Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs

Agreement:
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields





General HARQ-ACK Codebook Agreements
In RAN1 #104-e, the following agreements were made for both HARQ-ACK codebook Types [4]:
	Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)


[bookmark: _Ref79151783]Semi-Static (Type -1) HARQ-ACK Codebook Agreements
In RAN1 #104b-e, the following agreements were made [5]:
	Agreement:
· For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following options can be considered,
· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table
· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table
· FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table



In RAN1 #105-e, the following agreements were made [10]:

	Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidates PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots includes all the unique DL slots that can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· FFS: details of further pruning of the set of SLIVs
· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot
· FFS impact of time domain bundling, if supported





[bookmark: _Ref79142764]Dynamic (Type-2) HARQ-ACK Codebook Agreements
In RAN1 #104-e, the following agreements were made [4]:
	Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)

Agreement:
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104b-e.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback



In RAN1 #104b-e, the following conclusions were agreed to [5]:
	Conclusion:
The following is observed for alternative 1 from prior agreement.
· For Alt 1 (C-DAI/T-DAI is counted per DCI) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Same DAI overhead with Rel-16 single-PDSCH DCI
· T-DAI in UL DCI: 
· In case of single codebook handling feedback for both single and multi-PDSCH scheduling, same DAI overhead with Rel-16 UL DCI
· In case of separate sub-codebooks, need additional DAI field (with same bit-width of DAI with Rel-16 UL DCI), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· Note that DAI field increment for this case is similar for the case in Rel-15 where CBG is configured
· HARQ-ACK codebook generation:
· A separate sub-codebook can be generated when multi-PDSCH DCI is configured for a serving cell, similar to the way as 2nd sub-codebook is defined to handle CBG-based scheduling
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· FFS: how many sub-codebooks are generated when multi-PDSCH DCI is configured for a serving cell and CBG is configured for the serving cell and/or the other serving cell(s)
· HARQ-ACK payload size is increased compared to single PDSCH scheduling only, since the number of HARQ-ACK bits corresponding to each DAI of the (sub-)codebook for multi-PDSCH DCI in case of separate sub-codebooks (or for all DL DCIs in case of single codebook) depends on the maximum configured number of PDSCHs for multi-PDSCH DCI across serving cells belonging to the same PUCCH cell group.
· The number of HARQ-ACK bits for multi-PDSCH DCI in case of separate sub-codebooks, or for all DL DCIs in case of single codebook, does not depend on the number of actually scheduled PDSCHs, rather, it is fixed as the maximum configured number of PDSCHs.
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Conclusion:
The following is observed for alternative 2 from prior agreement.
· For Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Bit-width can be increased (FFS: by how much), in DL DCI not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· T-DAI in UL DCI: Bit-width can be increased (FFS: by how much), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· C-DAI/T-DAI in DL DCI and T-DAI in UL DCI shall be designed such that at most 3 consecutive DCI missing can be resolved, same as in Rel-15/16 NR. 
· FFS: details on increment of DAI field size
· FFS: whether/how to handle the case where different DCI formats (e.g., DCI format 1_0 and DCI format 1_1) have different field sizes for C-DAI/T-DAI
· HARQ-ACK codebook generation:
· The number of HARQ-ACK bits depends on the number of scheduled PDSCHs.
· FFS: ordering of the PDSCHs for DAI counting
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Conclusion:
The following is observed for alternative 3 from prior agreement.
· For Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· If M equals to the maximum configured number of PDSCHs, Alt 3 is the same with Alt 1, if the same number of codebooks is assumed.
· Else if M equals to 1, Alt 3 is the same with Alt 2.
· Otherwise (i.e., 1<M<the maximum configured number of PDSCHs), Alt 3 is similar to Alt 2, except that
· The number of HARQ-ACK bits corresponding to each DAI increases by M times.
· NACK bits may be padded if the number of scheduled PDSCHs is not an integer multiple of M.
· FFS: details on DAI field size
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· In addition, new RRC parameter to configure M needs to be introduced.
Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH



In RAN1 #105-e, the following agreements were made [10]:

	Agreement:
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· At least two sub-codebooks are generated for a PUCCH cell group where 
· The first sub-codebook is for the following cases: 
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
· The second sub-codebook is for the following case: 
· Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
· FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
· FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
· FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
· FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
· FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI

Agreement:
If Alt 2 (C-DAI/T-DAI is counted per PDSCH) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· PDSCH(s) scheduled by a single DCI is counted firstly, serving cell(s) in the same PUCCH cell group and same PDCCH monitoring occasion is counted secondly, and PDCCH monitoring occasion(s) is counted thirdly.
· The bit width of counter DAI field in fallback DCI (i.e., DCI formats 0_0 and 1_0) remains the same as in Rel-15 NR.
· Note: The DAI bit width and number of sub-codebooks shall ensure that at most 3 consecutive missed DCIs can be resolved, same as in Rel-15/16 NR 
· This shall not impose additional gNB’s scheduling restriction.
· In case where CBG retransmission is not configured for any serving cell in a same PUCCH cell group, the number of bits for each of counter DAI and total DAI in non-fallback DCI is extended (if needed) at least based on 
· The number of SLIVs associated with the row indexes in TDRA table 
· FFS: details
· FFS: the case with configuration of CBG retransmission
· FFS: the number of sub-codebooks
· FFS: for the UE indicating by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion
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