3GPP TSG RAN WG1 Meeting #106bis-e	R1-2108786
e-Meeting, Oct 11th – Oct 19th, 2021
Agenda Item:	8.2.5
Source:	FUTUREWEI
Title:	Discussions on timeline, reference signal, and multi-PxSCH scheduling for 52.6GHz to 71GHz
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For extending NR up to 71 GHz, a WI has been approved by 3GPP TSG RAN Meeting #90 [1]. New numerologies including 480kHz/960kHz were introduced for data transmission in this frequency range. The scope of the WI includes reference signal (RS) enhancement and timeline adaptation-related aspects and supporting enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI. 

The RAN1#106-e discussed in the first thread of the AI on timeline aspects adapted to each of the new numerologies 480kHz and 960kHz, and reference signals. Issues that have been covered include values to adopt for N1, N2, N3, definitions of K0, K1, K2 for FR2-2, values of Z1, Z2, Z3, whether to adopt other than legacy PTRS for CP-OFDM with regular or small RB allocation,  whether to adopt other than legacy DM-RS for CP-OFDM, whether to adopt other than legacy PTRS for DFT-s-OFDM for FR2-2, and whether to consider introduce new DM-RS patterns for multi-PDSCH. The remaining issues include study and possibly introduce smaller timeline values and further discuss whether new PTRS patterns are introduced for CP-OFDM and DFT-s-OFDM for FR2-2. 

The RAN1#106-e discussed in the second thread of the AI  on issues include applying multiple PDSCHs by single DL DCI to 120 kHz, the maximum number of PxSCHs schedulable by a single DCI, handling of HARQ process number if a scheduled PxSCHs collides with UL/DL symbol(s), how different DCI fields are applied for scheduling multiple PxSCHs, TDRA table enhancement, two codeword transmission, whether to support multiple PDSCHs, codebook generation alternatives for semi-static and dynamic HARQ, and HARQ process number extension for FR2-2.

The remaining issues including further design details such as whether to introduce further limitations on the maximum number of PDSCHs, whether UE capability is introduced for restricting the maximum number of PxSCHs that can be scheduled with a single DCI, HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol, whether a UE is expected to be scheduled with more than one PDSCH in a slot for 480/960 kHz SCS. 

Discussion
Timeline
	From RAN1#104-e meeting
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.

From RAN1#106-e meeting
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.
Table 2-2.1 PDSCH processing time arrange for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 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 2-2.2 PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	3 (120 kHz)
	36

	5 (480 kHz)
	144 

	6 (960 kHz)
	288



Table 2-2.3 Minimum gap between the second detected DCI and the beginning of the first PUCCH resources
	

	HARQ-ACK multiplexing timeline N3 [symbols]

	3 (120 kHz)
	20

	5 (480 kHz)
	80

	6 (960 kHz)
	160



From FLS R1-2108487 
Proposal 2-1-2c.Alt (closed):
For NR operation with 480 and 960 kHz SCS, further discuss adopting value(s) of N1, N2 and N3 within the ranges 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 and decide on the value(s) considering at least the following factors
· PDCCH monitoring capability
· Mix numerology scheduling
· Multi-PDSCH/PUSCH scheduling
· Cross-carrier scheduling


Table 2-2.1 PDSCH processing time arrange for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 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)
	40-80
	       48-96

	6 (960 kHz)
	80-160
	96-192



Table 2-2.2 PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	3 (120 kHz)
	36

	5 (480 kHz)
	72-144 

	6 (960 kHz)
	144-288



Table 2-2.3 Minimum gap between the second detected DCI and the beginning of the first PUCCH resources
	

	HARQ-ACK multiplexing timeline N3 [symbols]

	3 (120 kHz)
	20

	5 (480 kHz)
	40-80

	6 (960 kHz)
	80-160



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

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, by configuring {SLIV, mapping type, scheduling offset K0 (or K2)} for each PDSCH (or PUSCH) in the row of TDRA table.
· Note: Whether and how to reduce RRC overhead is left to RAN2.

Agreement: (RAN1#105-e)
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




The timeline related issues had been discussed from RAN1#104-e and an agreement was made during RAN1#106-e on adopting for 480/960kHz SCS at least the values of N1/N2/N3 in the tables 2-2.1 - 2-2.3 above based on the absolute time of 120kHz SCS timelines. The preliminary definitions subject to possible further updates were also provided for the values k0/k1/k2. For the study of whether to introduce smaller values, the factors including PDCCH monitoring capability, mix numerology scheduling, multi-PDSCH/PUSCH scheduling, and cross-carrier scheduling were identified to have impact on timeline. 
Before trying to introduce any smaller set of timeline values N1/N2/N3, it is noted that an inherent assumption made in RAN1#104-e for the absolute time of 120kHz timeline to serve as the upper bound is that the phase noise estimation and compensation time does not necessarily disqualify this upper bound. It was a fine assumption by the time on condition that the UE does not have to use a highly complicated phase noise estimation and/or compensation algorithm (which is reasonable), although there has not been input from companies so far on how much extra delay is expected if a standard algorithm is to be applied. However, it is not recommended that a smaller set of timeline values are specified without considering this extra delay. 
Another factor that can introduce longer processing time is that, for multi-PxSCH, it is still an open discussion about whether new DM-RS patterns are allowed such that the UE may perform joint DM-RS detection. It is unlikely that this discussion can converge quickly by the end of 106b-e, which is the agreed deadline for a potential smaller set of timeline values. In addition to ICI compensation and joint DM-RS detection that were not explicitly listed in the agreement, at least two of the factors among the four factors listed in the agreement on N1/N2/N3 would serve to increase the processing delay, i.e., mix-numerology and cross-carrier scheduling as specified in clause 5.3 TS 38.214. However, these two factors cannot be determined unless other timeline values  are specified for 480/960kHz SCS. There is currently no such proposals on revising these parameters under discussion, and it is not realistic to complete all the discussions towards a specific set of smaller values for timeline in one meeting. 
An alternative approach is to seek for the lower bounds for the processing timelines and leave potential specification of the smaller values as further study. The intermediate Proposal 2-1-2c.Alt has suggested the lower bounds of N1/N2/N3 as half of the adopted upper bound. This seems to be a feasible middle-step towards any smaller set of timeline values. However, it is better that more discussions are encouraged to justify the lower bound values. 
In our understanding, the lower bounds of N1/N2/N3 should correspond to the ideal case when neither the four factors listed in the agreement or additional factors as mentioned have to be taken into account. Instead,  offsets are added later onto the lower bound when inputs of these factors become available. If this is the case, it is still difficult to come up with the reasonable offsets by the end of the RAN1#106b-e, even if the lower bounds become not hard to converge, given the undiscussed parameters and parallel open discussions as mentioned. It does not make much sense if only lower bounds are agreed by the end of the RAN1#106b-e, unless it is agreeable by companies that the lower bounds can be directly adopted as another UE capability without comprehensive considerations. If this is determined as the way forward, it is crucial to guarantee that such smaller values based on lower bounds are only optional to UEs as one capability, such that the UEs at least have one practical timeline (the upper bounds) to operate within FR2-2. 
Observation 1. Specifying a set of smaller timeline values is not a practical target to complete in one meeting, given the relevant open discussions in parallel and the dependency of required factors to consider on other timeline values that have not been opened for discussion for 480/960kHz SCS. 
Proposal 1. If RAN1 decides that an alternative timeline besides the adopted upper bounds is necessary, one way to move forward is to adopt the potential lower bounds as an optional UE capability. 
Regarding the slot offset values K0/K1/K2 for NR operation with 480 and 960 kHz SCS, the agreement made during RAN1#106-e has the definitions for single PxSCH, where it was made clear that the unit of offsets is ‘number of slots’, instead of multiple slots or slot-groups. There is still no definition of K0/K1/K2 values for multi-PxSCH, although it is better that these two definitions are discussed together in one agenda item. The main discussion point here is whether to define the offset relative to the first, last, or certain PxSCH of a multi-PxSCH. Note that it is agreed that a row of the (enhanced) TDRA table can indicate PxSCHs that are in consecutive or non-consecutive slots by configuring {SLIV, mapping type, scheduling offset K0 (or K2)} for each PxSCH in the row of TDRA table, therefore, it is more reasonable to generalize the definitions of K0/K1/K2 for multi-PxSCH to represent offsets relative to each PxSCH of a multi-PxSCH. For the unit of K0/K1/K2 for multi-PxSCH, it was a common understanding of companies that changing unit from slot to slot-groups will impose undesirable scheduling restrictions. Therefore, to achieve better flexibility, it is recommended that the unit is number of slot for K0/K1/K2 when multiple-PxSCH is scheduled for all SCSs. 
Proposal 2. For multi-PxSCH, to be compatible with the enhanced TDRA table, the offsets K0/K1/K2 can be defined relative to each PxSCH of a multi-PxSCH. 
Proposal 3. To achieve better flexibility, it is recommended that the unit is number of slot for K0/K1/K2 when multiple-PxSCH is scheduled for all SCSs. 
Regarding the ranges of K0/K1/K2, there has been discussions during RAN1#104b-e and RAN1#106-e relating whether to extend to new ranges for each of the Ki based on the SCS and processing delays. At the same time, there are separate discussions on the maximal schedulable gaps between consecutive PxSCHs and between the first and the last PxSCH. These two issues were identified to be dependent, i.e., the maximal allowed values Ki is related to the maximal allowed gaps. The current procedure from feature lead is to first try for the changes/extensions of Ki values before the maximal gaps are specified, as the gap values can be indicated by the differences of the Ki’s for adjacent SLIVs that are signaled according to the rows in the enhanced TDRA table. 
However, although such a procedure would make the scheduling of any time pattern of multi-PxSCH very flexible, and gaps of several slots are reasonable, we think it is needed to restrict the maximal allowable gap values between adjacent PxSCHs according to the practical needs to avoid excessively large gaps that negatively impact the latency/throughput of the system. It seems to us that at least one point is not rejected by any company, i.e., there is no justification of the necessity of a large gap. Also, a long duration of a gap may require additional LBT and introduce complexity. We think the gap size of 1-2 slots should be sufficient. Once the maximal gap between adjacent PxSCH slots is determined, the maximal gap between the first and last PxSCH can be calculated. For example, if the maximal gap is x slots for an 8-slot-PDSCH, then the maximal duration of the multi-slot is 8+7x slots. 
Then, taking this maximal duration of the multi-slot into account, one simple way towards increasing the ranges of the Ki values is to add an addition offset of  or  to K1/K2 respectively, which SCS-dependent N1/N2 address the increased processing time for 480/960kHz SCS, and consider introducing another slot offset for K0 [7]. Once the additional offsets are decided and added, it can be checked if there is any conflict to allow the maximal duration 8+7x for a multi-PxSCH, given that x is determined separately. 
Observation 2. It is needed to restrict the maximal allowable gap values between adjacent PxSCHs according to the practical needs to avoid excessively large gaps that negatively impact the latency/throughput of the system or triggers additional requirement for LBT.     
Proposal 4. Discuss and decide the maximal gaps first and then extensions for K0/K1/K2 based on introducing SCS-dependent slot offsets.   

PTRS Enhancement
2.2.1 CP-OFDM with small RB allocation
	From RAN1#106-e meeting

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.



From the FLS of RAN1#106-e [3], four companies out of nine that had simulation results had shown significant gain when increase PTRS density to K=1 for smaller RB. Three had shown some gain in particular cases and two showed no gain. Therefore, the majority of companies at least observed some gain. In addition to the gain aspect, there was argument about unnecessity of introducing K=1 given CPE compensation can perform better than ICI compensation for small RB allocations. However, there are cases where CPE compensation with K=1 that perform better than CPE compensation with K=2, and therefore, K=1 can still be useful when CPE compensation is implemented by UE. 
We reattached the table 1 from our previous contribution [7] here as reference. Our views regarding whether to introduce K=1 for Rel-15 PTRS pattern for CP-OFDM with smaller RB allocation is that based on the performance gains. Note that with K=2 and K=1 both allowed as the viable densities, it is more likely the gNB will be able to configure a correct value for efficient PN cancellation for most of the cases under small RB allocation. We can support a uniform design that K=1 is allowed for all SCSs, and we do not see much standard effort by extending the allowed reference symbol density, which has been common practice for many releases.       
Table 1. Performance results for different SCS with different number of small RBs
	SCS [kHz]
	Number of RBs
	Lowest SNR @ 10%/1% BLER [dB]
	Optimum {PTRS density, PN filter}

	120
	32
	  18.4/22.6
	{(K=1, L=1), de-ICI (tap-5)}

	
	16
	   20.9/26.4
	{(K=1, L=1), de-ICI (tap-5)}

	
	 8
	     21.0/27.3
	{(K=2, L=1), de-CPE}

	480
	32
	 17.1/20.8
	          {(K=2, L=1), de-ICI (tap-3)}

	
	16
	 17.9/22.3
	          {(K=2, L=1), de-CPE}

	
	 8
	  20.2/--
	          {(K=2, L=1), de-CPE}

	960
	16
	     16.5/19.5
	          {(K=0.5, L=1), de-CPE}

	
	 8
	   17.2/20.2
	          {(K=1, L=1), de-CPE}


*For SCS 960kHz, 32 RBs was studied by simulations as one prior case under the ‘non-small RB’ category. **  A value is listed if it can be attained, otherwise ‘--’ is filled.   
Proposal 5. For PDSCH with CP-OFDM and small number of RBs allocated, consider increasing the density of PTRS to (K=1, L=1). 

2.2.2 DFT-s-OFDM
	From RAN1#106-e meeting
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)

	Sources
	Observations/proposals

	[22, Apple]
	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/64RBs
· Minimum Channel BW for 480 kHz: 400 MHz/64RBs
· Minimum Channel BW for 960 kHz: 400 MHz/32RBs
· Maximum Channel BW for 120 kHz: 400 MHz/256RBs
· Maximum Channel BW for 480 kHz: 1600 MHz/256RBs
· 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







For PTRS enhancement for DFT-s-OFDM, we first reuse the BLER values under different SCSs and different numbers of PT-RS groups/ samples using from our previous contribution [7] as in Figure 1 – Figure 3, including the cases of PUSCH links under {120kHz SCS, 256 RBs, DS 40ns}, {480kHz SCS, 256 RBs, DS 20ns}, {960kHz SCS, 160 RBs, DS 10ns}. Also, performance comparisons for a different RB allocation are provided in Figure 4 – Figure 6, i.e., {120kHz SCS, 64 RBs, DS 40ns},  {480kHz SCS, 64 RBs, DS 20ns},  {960kHz SCS, 32 RBs, DS 10ns}. The BWs are chosen considering the available maximum and minimum BW recommendations from RAN4. For the larger BW allocations, it is seen that for QPSK and 16QAM, the new patterns do not provide notable gain over the pattern with (Ng = 8, Ns = 4, L = 1), thus the legacy pattern can be reused. For 64QAM, the pattern (Ng = 16, Ns = 4, L = 1) offers better performance than the legacy density. For the smaller RB allocations, it is seen that the legacy pattern perform well for most of the cases under different modulations, and neither of the new patterns are necessary.  
Proposal 6. For larger RB allocations, increasing PTRS density to (Ng = 16, Ns = 4, L = 1) can be considered for PUSCH in FR2-2 if 64QAM is used; for lower order modulations such as 16QAM and QPSK, the legacy density (Ng = 8, Ns = 4, L = 1) offers fine performance, thus can be reused. For smaller RB allocations, the legacy density performs well under different modulations and no enhancement is necessary. 
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Figure 1. BLER performance of the 120kHz SCS, 256 RBs (BW 400MHz) PUSCH with different PTRS group Ng and sample Ns densities. 
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Figure 2. BLER performance of the 480kHz SCS, 256 RBs (BW 1600MHz) PUSCH with different PTRS group Ng and sample Ns densities. 
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Figure 3. BLER performance of the 960kHz SCS, 160 RBs (BW 2000MHz) PUSCH with different PTRS group Ng and sample Ns densities. 
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Figure 4. BLER performance of the 120kHz SCS, 64 RBs (BW 100MHz) PUSCH with different PTRS group Ng and sample Ns densities. 
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Figure 5. BLER performance of the 480kHz SCS, 64 RBs (BW 400MHz) PUSCH with different PTRS group Ng and sample Ns densities. 
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Figure 6. BLER performance of the 960kHz SCS, 32 RBs (BW 400MHz) PUSCH with different PTRS group Ng and sample Ns densities. 

Multi-PxSCH Scheduling
2.3.1 Maximum # of scheduled PxSCHs
	From RAN1#106-e meeting
Working assumption:
Scheduling multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2.
· FFS: Further limitations on maximum number of PDSCHs
Agreement:
· The maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 120, 480 and 960 kHz.
· FFS: Whether UE capability is introduced for restricting the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI




A working assumption was made during RAN1#106-e that scheduling multiple PDSCHs by single DL DCI applies to 120kHz SCS in addition to 480/960kHz SCSs. An agreement was made on specifying 8 as the maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI for 120/480/960kHz SCSs. Study points include whether further limitations on maximum number of PDSCHs is needed and whether UE capability is introduced for restricting the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI. 
If attaining a uniform design between 120kHz SCS and 480/960kHz SCSs is the prioritized criterion, further limitation on maximum number of PDSCHs is not needed. One viewpoint that is further arguable is that it is up to the scheduler to only use the larger values if it makes sense (by implementation), i.e., 8 was to make things simple, and there is no need to optimize for all cases even if the design supports it. If further consideration is taken into account on whether a 120kHz SCS multi-slot, especially a non-consecutive multi-slot, should be confined within channel coherence time, then the issue becomes correlated with two open issues, i.e., the issues on K0/K1/K2 values to be specified and the maximal gaps allowed between adjacent PDSCHs, both of which can determine the maximum length of a multi-slot. It is recommended to treat the coherence time as a factor when deciding whether further limitation is needed on maximal number of PDSCHs for 120kHz SCS, unless a reasonable restriction on the maximal gaps between adjacent PDSCHs is imposed. Once the decision on further restriction is made, it seems that one UE capability is enough. 
Proposal 7. Since 8 has been adopted as the maximum configurable number for multi-PxSCH under 120kHz SCS, it is suggested to continue the discussion of the maximal allowable slot gaps between adjacent PxSCHs taking coherence time as one factor for the non-consecutive multi-PxSCH.  

Another factor to be considered, as pointed out in our prior contribution [6], is that if the maximal allowed gaps is large, the listen-before-talk (LBT) is necessary for the unlicensed band and in the case of LBT failure the sequence of multi-PDSCH can be interrupted. Therefore, there are at least two factors that require the slot gap between adjacent PDSCHs to be not excessively large. 
Observation 3. If the maximal allowed gaps is large, the LBT is necessary for the unlicensed band and in the case of LBT failure the sequence of multi-PDSCH can be interrupted.

2.3.2 TDMed PxSCHs in a slot
	From RAN1#106-e meeting
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






For the issue of whether multiple PDSCHs are allowed within a slot of a multi-PxSCH, it was agreed during RAN1#106-e that for single-TRP and 120kHz SCS a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs. Also, a previous agreement on generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs was revised such to clarify that the Rel-16 procedure is reused for determining the candidate PDSCH reception occasions and it was noted that the Rel-16 procedure already handles pruning of multiple SLIVs corresponding to a DL slot. With this revision of the agreement, the complicity of HARQ-ACK codebook generation is reduced when multiple PxSCH is scheduled in a slot. Besides, a note was added such that the optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17. Then, neither codebook size nor generation complexity is a concern for allowing multiple PDSCHs in one slot of a multi-slot for any SCS. However, the remaining concern for whether this feature is allowed for 480/960kHz is about the motivation of supporting multiple PDSCHs in one slot even if the slot size is significantly reduced from a 120kHz slot, provided that URLLC targets can already be achieved with a single PDSCH per slot.  It may not be needed to introduce such capability in this sense at least for the single-TRP cases. For the multi-TRP cases, two PDSCHs can be scheduled by two different DCIs from two TRPs, and each DCI can have a separate TDRA table that does not contain multiple SLIVs for the same slot. 
Proposal 8. For single TRP operation, consider supporting multiple PxSCHs in a slot for 480/960 kHz SCS only if the feature is better motivated for use cases other than URLLC. Multiple PxSCHs in a slot for the multi-TRP case can be allowed. 

2.3.3 Collision handling
	From RAN1#105-e meeting
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.

From RAN1#106-e meeting
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.




When a scheduled multi-PDSCH/PUSCH collides with the UL/DL symbol(s) indicated by ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, two options had been discussed for how the HARQ process number should be handled. One alternative is that the HARQ process number increments for all PDSCH/PUSCHs including the ones that collides with UL/DL symbol(s). The other alternative is that the HARQ process number is skipped for the PDSCH/PUSCHs that collides with UL/DL symbol(s) occur. The second alternative was agreed during RAN1#106-e for handling such collision. Another collision case was raised in the FLS when a scheduled PDSCH/PUSCH collides with a flexible symbol if the UE is configured to monitor DCI format 2_0. It was also identified in the discussion that if a UE misses a DCI format 2_0, there might be mis-understanding between the network and the UE about the collision of PDSCH/PUSCH and UL/DL resource. In our understanding, different rules are needed to handle HARQ process number determination respectively for the case when multi-PDSCH/PUSCH collides with semi-statically configured UL/DL resources and the case when multi-PDSCH/PUSCH collides with dynamically indicated UL/DL resources, and for the latter case it is recommended that HARQ process number increments for all PDSCH/PUSCHs including the ones that collides with UL/DL symbol(s), but a NACK is reported by the UE corresponding to the collided PDSCH. 
Proposal 9. For the case when scheduled multi-PDSCH/PUSCH collides with UL/DL resources dynamically indicated by DCI format 2_0, it is recommended that HARQ process number increments for all PDSCH/PUSCHs including the ones that collides with UL/DL symbol(s), but a NACK is reported by the UE corresponding to the collided PDSCH. 

2.3.4 CBG + multi-PDSCH
	From RAN1#106-e meeting
From FLS R1-2108590
Proposal #10c (CBG+multi-PDSCH):
· Consider the following options to construct type-2 HARQ-ACK codebook when CBG operation is configured, and down-select to one of the following options in RAN1#106bis-e.
· Option 1: HARQ-ACK bits corresponding to CBG-based PDSCH reception and multi-PDSCH reception are merged into the same sub-codebook.
· Option 2: HARQ-ACK bits corresponding to CBG-based PDSCH reception and HARQ-ACK bits corresponding to multi-PDSCH reception are contained in separate sub-codebooks.
· Option 3: UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
· Note: Multi-PDSCH reception refers to the case where multiple PDSCHs are scheduled by a DCI that is configured with TDRA table containing at least one row with multiple SLIVs.



For the issue of whether to allow CBG-based re-transmission for multi-PDSCH and how to handle the related HARQ-ACK sub-codebooks generation, among the three Options, Option 1 should not be considered since it tries to merge CBG-based and TB-based sub-codebooks, which is not consistent with the legacy rule and the standard effort for allowing such merge is expected to be high. 
Also, it has been observed that for time-variant channel, CBG-based re-transmission is not useful at least for SCS 480kHz/960kHz, because no sufficient channel changes between consecutive CBs are expected across the short slots for the low mobility scenarios that is typical for FR2-2. For interference-variant channel such that with pre-emption by URLLC, CBG-based re-transmission might still be useful. Then, Option 3 that does not allow CBG + multi-PDSCH becomes restrictive if both the time-variance and the interference-variance are equally needed to be treated for FR2-2. For Option 2, since it required three sub-codebooks, the UL DCI overhead is expected to slightly increase for extending the T-DAI counter. However, we think that slightly increasing DCI overhead is more acceptable than if instability is introduced for not considering interference-variant channels, and therefore, Option 2 can be considered unless only time-variance of channel is prioritized for FR2-2. 
Proposal 10. For the construction of type-2 HARQ-ACK codebook when CBG operation is configured, Option 2 can be considered unless only time-variance (but not interference-variance) of channel is prioritized for FR2-2. 

Conclusion
In this document, the remaining issues in the agenda item relating timeline, reference signal enhancement, scheduling for multi-PDSCH/PUSCH and HARQ-ACK codebook generation are discussed for FR2-2.  
Observation 1. Specifying a set of smaller timeline values is not a practical target to complete in one meeting, given the relevant open discussions in parallel and the dependency of required factors to consider on other timeline values that have not been opened for discussion for 480/960kHz SCS. 
Observation 2. It is needed to restrict the maximal allowable gap values between adjacent PxSCHs according to the practical needs to avoid excessively large gaps that negatively impact the latency/throughput of the system or triggers additional requirement for LBT.     
Observation 3. If the maximal allowed gaps is large, the LBT is necessary for the unlicensed band and in the case of LBT failure the sequence of multi-PDSCH can be interrupted.

Proposal 1. If RAN1 decides that an alternative timeline besides the adopted upper bounds is necessary, one way to move forward is to adopt the potential lower bounds as an optional UE capability. 
Proposal 2. For multi-PxSCH, to be compatible with the enhanced TDRA table, the offsets K0/K1/K2 can be defined relative to each PxSCH of a multi-PxSCH. 
Proposal 3. To achieve better flexibility, it is recommended that the unit is number of slot for K0/K1/K2 when multiple-PxSCH is scheduled for all SCSs. 
Proposal 4. Discuss and decide the maximal gaps first and then extensions for K0/K1/K2 based on introducing SCS-dependent slot offsets.   
Proposal 5. For PDSCH with CP-OFDM and small number of RBs allocated, consider increasing the density of PTRS to (K=1, L=1). 
Proposal 6. For larger RB allocations, increasing PTRS density to (Ng = 16, Ns = 4, L = 1) can be considered for PUSCH in FR2-2 if 64QAM is used; for lower order modulations such as 16QAM and QPSK, the legacy density (Ng = 8, Ns = 4, L = 1) offers fine performance, thus can be reused. For smaller RB allocations, the legacy density performs well under different modulations and no enhancement is necessary. 

Proposal 7. Since 8 has been adopted as the maximum configurable number for multi-PxSCH under 120kHz SCS, it is suggested to continue the discussion of the maximal allowable slot gaps between adjacent PxSCHs taking coherence time as one factor for the non-consecutive multi-PxSCH.  

Proposal 8. For single TRP operation, consider supporting multiple PxSCHs in a slot for 480/960 kHz SCS only if the feature is better motivated for use cases other than URLLC. Multiple PxSCHs in a slot for the multi-TRP case can be allowed. 

Proposal 9. For the case when scheduled multi-PDSCH/PUSCH collides with UL/DL resources dynamically indicated by DCI format 2_0, it is recommended that HARQ process number increments for all PDSCH/PUSCHs including the ones that collides with UL/DL symbol(s), but a NACK is reported by the UE corresponding to the collided PDSCH. 

Proposal 10. For the construction of type-2 HARQ-ACK codebook when CBG operation is configured, Option 2 can be considered unless only time-variance (but not interference-variance) of channel is prioritized for FR2-2. 
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