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Introduction
Based on the SI [1] [2], 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 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. 
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 #106-e, agreements were made on UE processing timelines N1, N2, N3, Z1, Z2 and Z3 for single and multi-PDSCH/PUSCH scheduling as follows  [14]:

	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, value(s) for PDSCH processing time (N1) for PDSCH processing capability 1 and PUSCH preparation time (N2) are to be defined for PDSCH/PUSCH timing capability 1 only.


Agreement:

For NR operation with 480 and 960 kHz SCS, adopt at least the values of N1, N2 and N3 as in the following tables for single and multi-PDSCH/PUSCH scheduling.
· Note: N1/N2 applies to any PDSCH/PUSCH for multi-PDSCH/PUSCH scheduling
· RAN1 to study (until RAN1#106b-e) and possibly introduce smaller values considering at least the following factors
· PDCCH monitoring capability
· Mix numerology scheduling
· Multi-PDSCH/PUSCH scheduling
· Cross-carrier scheduling
· Note: The decision for the number of HARQ processes should take this agreement into account.

Agreement:
For NR operation with 480 and 960 kHz SCS, adopt at least the values of Z1, Z2 and Z3 as in the following table for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· Note: is UE reported capability beamReportTiming; KB3 and KB4 is UE reported capability beamSwitchTiming for 480 and 960 kHz SCS respectively.
· RAN1 to study (until RAN1#106b-e) and possibly introduce smaller values for CSI computation delay requirement




In RAN1 #103-e, the following agreement was made with the items that have been agreed on in red:

	Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
Overall implementation complexity for supporting a specific subcarrier spacing may need to consider the following, but not limited to:
· complexity associated with supporting given reduced (in absolute time) requirements on UE processing times (e.g., N1, N2, N3, Z1, Z2, Z3, etc) and UE PDCCH processing budget as a function of subcarrier spacing, if scheduling and monitoring unit is maintained to be one slot.
· supported features indicated by UE capability signaling or implemented by the gNB.

Agreement:
1) It was identified that for new subcarrier spacing, if agreed, will at least require investigation on the need for enhancements and standardization, of the following processing timelines:
a. Processing capability for PUSCH scheduled by RAR UL grant 
b. Dynamic SFI and SPS/CG cancellation timing
c. Timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy.
d. Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6)
e. BWP switch delay
f. Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, beamReportTiming, etc.)
g. Timeline for multiplexing multiple UCI types
h. Minimum of P_switch for search space set group switching
i. appropriate configuration(s) of k0 (PDSCH), k1 (HARQ), k2 (PUSCH),
j. PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
k. CSI processing time, Z1, Z2, and Z3, and CSI processing units
l. Any potential enhancements to CPU occupation calculation
m. Related UE capability(ies) for processing timelines
n. minimum guard period between two SRS resources of an SRS resource set for antenna switching




From the agreements in RAN1 #106-e, the general idea is to maintain the same absolute time duration for the UE processing timelines as that of 120 kHz SCS in FR2-1. On the issue of RAN1 striving to introduce additional smaller values for UE capability 1 considering at factors such as PDCCH monitoring capability, cross carrier scheduling etc., given that 
(1) the discussion on PDCCH monitoring capability and cross carrier scheduling are still on-going in the PDCCH Enhancements agenda item and 
(2) from the agreement in RAN1 #103-e, there are at least 11 additional UE processing timelines that need to be decided where for some of them the values N1, N2, N3 and Z as inputs and any additional delays in the decisions will have a detrimental impact on our ability to complete the WI
we propose that RAN1 to finalize the UE processing timeline values  for N1, N2, N3, Z1, Z2 and Z3  as agreed on in RAN1 #106-e.
Proposal 1: RAN1 to finalize the UE processing timeline values  for N1, N2, N3, Z1, Z2 and Z3  as agreed on in RAN1 #106-e.
Table 1 below lists the different UE processing timelines outstanding and their dependencies with the items in Group 1 independent parameters and the items in Group 2 dependent on the items in Group 1.
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Group 1 UE processing Timelines
In setting the values for the UE processing timelines that have not been decided, we propose that for NR operation with 480 and 960 kHz SCS, adopt at least the values of for all UE processing times for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2. This can apply directly to the following parameters (Group 1 in Table 1):
· HARQ-ACK information in response to a SPS PDSCH release, 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, 38.213 Section 10.3
· BWP Delay, 38.133, Section 8.6
· Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, 38.214 Section 6.1.2.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction : 38.214 Section 5.3.1/6.1
Proposal 2: For NR operation with 480 and 960 kHz SCS, adopt at least the values of for all UE processing times for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
Group 2 UE Processing Timelines
K0, K1 K2
The following agreements have been made on the value of k0, k1 and k2:
	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 or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)
Agreement:
· When defining value ranges and/or default values for k0/k1/k2 for NR operation with 480 and 960 kHz SCS, RAN1 assumes the following definitions (this agreement does not define the following and these definitions may be updated later)
· The value of k0 indicates the slot offset between DCI and its scheduled PDSCH in number of slots
· The value of k1 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 in number of slots
· The value of k2 indicates the slot offset between DCI and its scheduled PUSCH in number of slots
· Note: Default values are indicated by DCI format 1_0 and 0_0



It has been agreed that the unit for the values of k0, k1 and k2, are in slots. As such, there is a need to increase the current range of 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 cover all the resources between two consecutive PDCCH monitoring occasions.
For 480/960kHz SCS,  the minimum PUSCH preparation is  multiples of slots. This implies that for PUSCH scheduling, the UE has to support cross-slot scheduling only at least in RRC connected state with Kmin_values specified for K2. Thus, a minimum offset in unit of slots can be added to the configured/signaled timing for PUSCH scheduling time. This is also applicable to  aperiodic CSI report time, and/or PDSCH to HARQ-ACK timing. The value may be different for different SCS. The minimum offset can be either pre-defined in the specifications or configured via higher layer signaling. For PDSCH scheduling, K0 depends on PDCCH monitoring. As this is under discussion, the values for K0 may have to wait until decsions are made on this topic.
To accommodate the increase in range, the following steps should be taken :
· For K2, increase slot offset per subcarrier in the ‘Default’ lookup table to accommodate larger SCSs.
· For Type 1 configured grants increase the value of the timeDomainOffset
· For K2, modify the RRC configuration parameter to allow for more than 32 (current maximum value is 32).
· For K1, modify the  RRC configuration parameter to allow a slot offset of more than 15 slot candidates (current maximum value is 15). The sizes and values of the RRC parameters  dl-DataToUL-ACK, or dl-DataToUL-ACKForDCIFormat1_2 should be changed to account for increased number of slots. 
· Set a minimum slot offset based on SCS with Min_offset = (K1min, K2min) e.g. for 960 kHz, K2min ≥288 symbols (21 slots)=>K2min) = 21 slots. 
· The value of  Min_offset is configured in the puschTimeDomainAllocationList with pusch-ConfigCommon or puschConfig. The actual slot offset is then given by 
Slot offset = Min_offset + DCI signaled slot offset
· Note that the DCI field size may also be modified to signal more slot offset values from the increased set.

Proposal 3: For 489 kHz/960 kHz SCS, the  UE should support cross-slot scheduling only at least in RRC connected state with Kmin_values specified for K2. 
· a minimum offset in unit of slots can be added to the configured/signaled timing with the value different for different SCS. 
· The minimum offset can be either pre-defined in the specifications or configured via higher layer signaling

Proposal 4: The values of k1 and k2 should be modified to accommodate the increased values of N1 and N2)
· For K2, increase slot offset per subcarrier in ‘Default’ lookup table to accommodate larger SCSs.
· For Type 1 configured grants increase the value of the timeDomainOffset
· For K2, modify the RRC configuration parameter to allow for more than 32 (current maximum value is 32).
· For K1, modify the  RRC configuration parameter to allow a slot offset of more than 15 slot candidates (current maximum value is 15).
· Set a minimum slot offset based on SCS with Min_offset = (K1min, K2min) e.g. for 960 kHz, K2min ≥288 symbols (21 slots)=>K2min) = 21 slots. 
· The value of  Min_offset is configured in the puschTimeDomainAllocationList with pusch-ConfigCommon or puschConfig. The actual slot offset is then given by 
Slot offset = Min_offset + DCI signaled slot offset
· Note that the DCI field size may also be modified to signal more slot offset values from the increased set.

CSI processing criteria: 38.214 Section 5.2.1.6
This is dependent on Z3 and Z3’ that were agreed on in RAN1 #106-e.

Processing capability for PUSCH scheduled by RAR UL grant : 38.213 Section 8.3
This depends on k2, delta, N1 and N2 and as such needs a decision on k2 and delta.


Slot Configuration: 38.213 Section 11.1
The slot configuration period in the UL/DL configuration of 38.213. Section 11.1 can be  reused for 480kHz/960kHz SCS and the number of configuration slots is scaled accordingly. Given that FR2-2 is part of FR2, the reference SCS used by the slot configuration period in UL/DL configuration for FR2 (60 kHz and 120 kHz) may be re-used for 480 kHz SCS and 960 kHz SCS and the existing FR2 TD UL/DL configuration using either 60 kHz or 120 kHz may be re-used. The number of configuration slots is scaled accordingly. As such for FR2-2, with µ= 3, µ= 5 or µ=6,  set [image: ] with P = 0.625 msec, P = 1.25 msec and P = 2.5 msec. 
Proposal 5: The slot configuration period and the existing FR2 TD UL/DL configuration using either 60 kHz or 120 kHz is reused for 480kHz/960kHz SCS and the number of configuration slots is scaled accordingly.  

Reference Signals
DMRS
In RAN1 #106-e, agreements were made 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 DMRS and FFS for  Type-2 DMRS (see Section 10.3). This section addresses this issue.

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 (semi-statically or dynamically) to turn on or off the FD-OCC e.g., based on the coherence bandwidth of the channel as shown in Figure 1.

To support this feature, in RAN1 #106-e, the following agreements were made:

	Agreement:
· For 480 kHz and/or 960 kHz SCS, for rank 1 PDSCH at least with DMRS type-1, support a configuration of DMRS where the UE is able to assume that FD-OCC is not applied.
· Note: “FD-OCC is not applied” refers to the UE may assume that a set of remaining orthogonal antenna ports are not associated with the PDSCH to another UE, wherein the set of remaining orthogonal antenna ports are within the same CDM group and have different FD-OCC 
· FFS whether applies to DMRS type-2
· Down select between the following options for the indication to UE
· RRC configuration 
· antenna port(s) field in DCI scheduling the rank 1 PDSCH 



We may want to be able to dynamically turn on or off the FD-OCC based on the properties of the channel and as such indicate the FD-OCC state using the DCI. As such, for 480 kHz and/or 960 kHz SCS, we  support a configuration of the DMRS, indicated by the antenna port(s) field in the scheduling DCI, where the UE is able to assume that FD-OCC is not applied.

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 6:  To account for transmission with large SCSs in low coherence BW channels, 
· dynamically turn on or off the FD-OCC based on the scenario the channel is in 
· for 480 kHz and/or 960 kHz SCS, we  support a configuration of the DMRS, indicated by the antenna port(s) field in the scheduling DCI, where the UE is able to assume that FD-OCC is not applied 
· This should be applicable to DMRS type-1 and DMRS type-2.


[image: Diagram
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[bookmark: _Ref68566116]Figure 1: DMRS Pattern for FDD OCC Adaptation



Other DMRS Enhancements
In [13], 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 7: Deprioritize the study of DMRS bundling and DMRS overhead reduction for Rel-17 NR above 52.6 GHz operation.
PTRS Enhancements
PTRS for CP-OFDM
In RAN1 #104bis-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 further study and conclude on whether to increase PTRS frequency density for small RB allocations with respect to phase noise compensation performance for CPE and ICI compensation (see agreements below).

	Agreement:
Further study and conclude on whether to introduce K=1 for Rel-15 PTRS pattern for CP-OFDM with small (< =32) RB allocation by RAN1#106b.






In Figure 2 and Figure 3 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 2. 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 3, 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.  

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



[image: ]

[bookmark: _Ref68637088]Figure 2: BLER performance comparing CPE and ICI based PN compensation with different PTRS patterns
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[bookmark: _Ref79140502]Figure 3: Throughput performance comparing CPE and ICI based PN compensation with different PTRS patterns




PTRS for DFT-S-OFDM

In RAN1 106-e, it was agreed to further study and conclude on whether to modifty the PTRS pattenr by introducing (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1) for DFT-s-OFDM by RAN1#106bis-e. This is captured in the following agreement: 
	Agreement:
Further study and conclude on whether to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1) for DFT-s-OFDM by RAN1#106b.
· 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
· FFS applicable to which RB allocation(s) if agreed to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1)




In Figure 4, Figure 5, Figure 6, Figure 7, we study the effect of the PTRS parameters on DFT-S-OFDM performance for an 10 nses delay spread channel for 120 kHz and 480 kHz SCSs with a 400 MHz BW for the following parameters:

· Parameter Set 1: Ng = 4, Ns = 4, L = 1 (Rel- 15 baseline)
· Parameter Set 2: Ng = 16, Ns = 2, L = 1
· Parameter Set 3: Ng = 16, Ns = 4, L = 1.

Increasing the PTRS density results in an improvement in BLER but increases the PTRS overhead. This may result in an effect on the throughput. As such, we plot both the BLER and throughput performances of the different parameters. 
From the results, we can see that for 120 kHz at 10% BLER, the gain over Parameter Set 1 is 0.5 dB and 1 dB at 30 dB SNR for Parameter Set 2 and Parameter Set 3 respectively. However, looking at the effect of overhead on throughput, there is a net gain for Parameter Set 2 only. Thus, based on performance only RAN1 should add Parameter Set 2. Note that this gain is only seen at very high SNRs i.e. > 20 dB and as such a motivation for high MCS with DFT-S-OFDM needs to be made.

Observation 2: Gains over the baseline are made with Ng = 16, Ns = 2, L = 1 only and only at high SNRs
Proposal 9: Support Ng = 16, Ns = 2, L = 1 only if need for high MCS for DFT-S-OFDM can be justified.
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[bookmark: _Ref83813653]Figure 4: BLER performance for DFT-S-OFDM with 120 kHz SCS 
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[bookmark: _Ref83813657]Figure 5: Throughput performance for DFT-S-OFDM with 120 kHz SCS 
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[bookmark: _Ref83813659]Figure 6: BLER performance for DFT-S-OFDM with 480 kHz SCS 
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[bookmark: _Ref83813661]Figure 7: Throughput performance for DFT-S-OFDM with 480 kHz SCS 
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.

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. Although many agreements have been made on the design to date, 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: Based on the discussion in RAN1 #106-e: 
a. 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,
i. 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.
b. 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, we do not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs. 
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) 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
	done

	
	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
	Done

	CBGTI
	
	FFS
	Need decision on CBG support




[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 10: 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. 
· For 480 kHz and 960 kHz SCS, no  support for CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· 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
· Define UE behaviour in a scenario where a CG resource lies between the resources of the first and last PUSCH transmission
· Modify the HPN of the DG PUSCH transmissions to account for the HPN of the CG PUSCH in the case that it is transmitted

Proposal 11: 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)

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. To complete the design, the following enhancements should be considered: 

a) 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.
b) CBG Support and CBGTI/CBGFI signaling: For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, do not support/configure CBGTI/CBGFI fields
c) FRDA: similar to the multi-PUSCH discussion. 
d) Frequency hopping: similar to the multi-PUSCH discussion.
e) HARQ associated parameters: The following parameters need to be signaled: MCS1/2, NDI 1/2, RV 1/2, HARQ process number, TDAI, c-DAI, and PRI.

	Agreement:
If a scheduled PDSCH/PUSCH is dropped due to collision with UL/DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, HARQ process number increment is skipped for the PDSCH/PUSCH and applied only for valid PDSCH(s)/PUSCH(s).
•	FFS: HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0.




For the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0, increment the HPN in case there is an error in decoding the DCI format. 


For 2 codeword transmission, the following working assumption was made in RAN1 #106-e: 
	Working assumption:
For NR FR2-2, two codeword transmission is supported, subject to UE capability.
•	RRC parameter configures whether two codeword transmission is enabled or disabled.
o	FFS: Details on signaling of MCS/NDI/RV for the second TB in a DCI that can schedule multiple PDSCHs when two codeword transmission is enabled
o	FFS: Whether unified or separate parameter to enable/disable 2-TB for single and for multiple PDSCH scheduling
o	Strive to minimize the increase in the number of bits in the DCI needed to support this feature




Additional signaling is needed for the second codeword compared with uplink if  the second codeword is enabled. 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. For signaling, replicate the parameters needed for codeword 1 for the second codeword 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
	Done: Agreement RAN1 #106-e

	
	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
	WA in RAN1 #106-e. Present if 2nd codeword is enabled.

	NDI, RV for 2nd  TB
	
	Per PDSCH
	WA in RAN1 #106-e. Present if 2nd codeword is enabled.

	HARQ Process Number
	
	Per DCI and incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
	Agreement RAN1 #104b-e. (1) Need for adjustment based on CG PUSCH (2) Always increment if it collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0

	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 interaction with COT in unlicensed channel access.




Proposal 12: For the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0, increment the HPN in case there is an error in decoding the DCI format.

Proposal 13: For Rel-17 multi-PDSCH transmission
· The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, do not support/configure CBGTI/CBGFI fields 
· 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
· New signaling is be needed for the PRI and DAI to support HARQ compared with multi-PUSCH transmission. 

Proposal 14: 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,  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 two 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. 

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 15: 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 16: 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 17: 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.

Proposal 18: UE behavior such as 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 #106-e (see agreements in Section Error! Reference source not found.):  

· 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

	Agreement:
· For single TRP operation, for 480/960 kHz SCS,
· FFS: A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· FFS: A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· FFS for multi-TRP operation
· Note: The optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17 (this does not preclude HARQ ACK bundling in time domain).
· The agreement made in RAN1#105-e is revised as follows.
	Agreement: (RAN1#105-e)
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate 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 contains all the unique DL slots determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) contains all the SLIVs for that slot determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The Rel-16 procedure is reused for determining the candidate PDSCH reception occasions for the set of SLIVs corresponding to each DL slot belonging to the set of DL slots
· Note: The Rel-16 procedure already handles pruning of multiple SLIVs corresponding to a DL slot, for both UEs that are and are not capable of receiving multiple PDSCHs per slot
· FFS impact of time domain bundling, if supported








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 [8][10]:
· 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 3) 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 3: 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 8 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 8: 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 19: 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.



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 #106-e meeting, it was agreed that counting per scheduling DCI (Alt.1) be supported.   

	Agreement:
Adopt Alt 1 (C-DAI/T-DAI is counted per DCI) for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs.




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. 
 
[image: Timeline
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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 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 

	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





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 9: Single HARQ-ACK feedback for multi-PDSCH transmissions within a  single COT. 
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Figure 10: Single HARQ-ACK feedback for multi-PDSCH transmissions across multiple COTs
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Figure 11: 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 3: 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 in the codebook. 

To address this issue for multi-PDSCH transmission, the UE could have one of the following behaviors:

· 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. 

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:
Proposal 1: RAN1 to finalize the UE processing timeline values  for N1, N2, N3, Z1, Z2 and Z3  as agreed on in RAN1 #106-e.
Proposal 2: For NR operation with 480 and 960 kHz SCS, adopt at least the values of for all UE processing times for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
Proposal 3: For 489 kHz/960 kHz SCS, the  UE should support cross-slot scheduling only at least in RRC connected state with Kmin_values specified for K2. 
· a minimum offset in unit of slots can be added to the configured/signaled timing with the value different for different SCS. 
· The minimum offset can be either pre-defined in the specifications or configured via higher layer signaling

Proposal 4: The values of k1 and k2 should be modified to accommodate the increased values of N1 and N2)
· For K2, increase slot offset per subcarrier in ‘Default’ lookup table to accommodate larger SCSs.
· For Type 1 configured grants increase the value of the timeDomainOffset
· For K2, modify the RRC configuration parameter to allow for more than 32 (current maximum value is 32).
· For K1, modify the  RRC configuration parameter to allow a slot offset of more than 15 slot candidates (current maximum value is 15).
· Set a minimum slot offset based on SCS with Min_offset = (K1min, K2min) e.g. for 960 kHz, K2min ≥288 symbols (21 slots)=>K2min) = 21 slots. 
· The value of  Min_offset is configured in the puschTimeDomainAllocationList with pusch-ConfigCommon or puschConfig. The actual slot offset is then given by 
Slot offset = Min_offset + DCI signaled slot offset
· Note that the DCI field size may also be modified to signal more slot offset values from the increased set.

Proposal 5: The slot configuration period and the existing FR2 TD UL/DL configuration using either 60 kHz or 120 kHz is reused for 480kHz/960kHz SCS and the number of configuration slots is scaled accordingly.  

Proposal 6:  To account for transmission with large SCSs in low coherence BW channels, 
· dynamically turn on or off the FD-OCC based on the scenario the channel is in 
· for 480 kHz and/or 960 kHz SCS, we  support a configuration of the DMRS, indicated by the antenna port(s) field in the scheduling DCI, where the UE is able to assume that FD-OCC is not applied 
· This should be applicable to DMRS type-1 and DMRS type-2.

Proposal 7: 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 8: RAN1 should support K = 1 for smaller frequency allocation sizes for PTRS in CP-OFDM.

Observation 2: Gains over the baseline are made with Ng = 16, Ns = 2, L = 1 only and only at high SNRs
Proposal 9: Support Ng = 16, Ns = 2, L = 1 only if need for high MCS for DFT-S-OFDM can be justified.
Proposal 10: 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. 
· For 480 kHz and 960 kHz SCS, no  support for CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· 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
· Define UE behaviour in a scenario where a CG resource lies between the resources of the first and last PUSCH transmission
· Modify the HPN of the DG PUSCH transmissions to account for the HPN of the CG PUSCH in the case that it is transmitted

Proposal 11: 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)

Proposal 12: For the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0, increment the HPN in case there is an error in decoding the DCI format.

Proposal 13: For Rel-17 multi-PDSCH transmission
· The maximum number of PDSCHs that can be scheduled for 120 kHz and 480 kHz SCS can be further restricted based on UE capabilities. 
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, do not support/configure CBGTI/CBGFI fields 
· 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
· New signaling is be needed for the PRI and DAI to support HARQ compared with multi-PUSCH transmission. 

Proposal 14: 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,  and PRI.

Proposal 15: 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 16: 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 17: 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.

Proposal 18: UE behavior such as transmission cancellation should be addressed. 

Proposal 19: 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 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 3: 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”
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