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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. 

For PDSCH RS enhancement, the RAN1#104b-e meeting has made an agreement on a further study whether to increase PTRS frequency density for small RB allocations with CP-OFDM [2]. For PUSCH RS enhancement, it was agreed to study the need for potential PTRS enhancement based on simulations for different PTRS patterns with more PTRS groups within one DFT-s-OFDM. For timeline adaptation, it was agreed that the absolute time for 120kHz SCS is used as upper bound for 480kHz/960kHz, and a model-based approach is not used to derive the timelines. 

For multi-PDSCH/PUSCH scheduling, it was agreed in RAN1#105-e to further study aspects such as the maximum value of the gap between two consecutively scheduled PDSCHs and between the first scheduled PDSCH/PUSCH and the last scheduled PDSCH/PUSCH [3]. For the Type-1 HARQ-ACK codebook, issues to study include the necessity of further pruning, HARQ process numbering, and time-domain bundling. For the Type-2 HARQ-ACK codebook, down-selection from three alternatives needs additional considerations. 
Discussion
PTRS enhancement for small RB PDSCH with CP-OFDM
	From RAN1#104b-e meeting
Agreement:
· In Rel-17, for NR operation in 52.6 – 71 GHz, conclude that increased PTRS frequency density is not supported for CP-OFDM at least for Rel-15 PTRS pattern when the allocated number of RB > 32
· Companies are encouraged to study whether to increase PTRS frequency density for small RB allocations for CP-OFDM for NR operation in 52.6 to 71 GHz with respect to phase noise compensation performance
· CPE and ICI PN compensation
· Note: Results for CPE compensation-only are to be reported for reference
· (K = 0.5, L = 1), (K = 1, L = 1), (K = 2, L = 1),
· Note: PTRS per K number of PRBs, and PTRS every L number of OFDM symbols
· Number of RBs: 8, 16, 32
· Other values of K and number of RBs are not precluded 
· Study on other aspects of potential PTRS enhancement (e.g., decreased PTRS frequency density) is not precluded 



[bookmark: o4]The above agreement concludes, based on accumulated simulation results of companies since RAN1#103-e, that increased PTRS frequency density is not supported for CP-OFDM at least for Rel-15 PTRS pattern when the allocated number of RB > 32, i.e., (K=2, L=1) are sufficient FD/TD densities to address the PN cancellation for the larger RB cases. There is one company [8] that studied the small RB cases and observed that sending PTRS over every RB, i.e., K=1, enhances the performance as it helps in having a more accurate ICI filter calculation or CPE estimation. 
In this section, we study the small RB cases, i.e., number of RBs {8, 16, 32}, with different PTRS densities {(K=0.5, L=1), (K=1, L=1), (K=2, L=1)}. Both the de-CPE and de-ICI filters are applied for each tested case. The results under the SCS 120kHz are first presented, as the relatively smaller SCS suffers more from ICI. In Figure 1 – Figure 2, the BLER performance results for PDSCH with different PN cancellation settings, i.e., de-CPE or de-ICI with different numbers of taps, and with different PTRS densities are shown. 
Figure 1. shows the comparison for 8-RB PDSCH where increasing density to (K=0.5, L=1) mostly degrades the performance; increasing density to (K=1, L=1) has comparable performance with cases under (K=2, L=1) with either de-CPE/de-ICI. De-ICI schemes mostly underperform de-CPE scheme except for one curve with 3-tap de-ICI when (K=0.5, L=1), which is in line with the motivation for further study the small RB cases, i.e., de-ICI may not outperform the de-CPE in these small RB cases. Figure 2. shows the comparison for 16-RB PDSCH where increasing density to (K=0.5, L=1) does not perform favorably compared with the lower density cases; increasing density to (K=1, L=1) has slightly better performance than cases under (K=2, L=1) with either de-CPE/de-ICI, with tap-3 de-ICI being the best curve. Figure 3. shows the comparison for 32-RB PDSCH where the density (K=0.5, L=1) still does not improve performance, while the density (K=1, L=1) has a clear advantage (1dB+ gain) over the (K=2, L=1) counterpart when a suitable tap-5 de-ICI filter is applied. 
Observation 1. For PDSCH with 120kHz SCS, de-ICI does not necessarily work better than de-CPE method for cases when the number of RBs is small, e.g., 8 or 16.  

Observation 2. For PDSCH with 120kHz SCS, increasing the density of PTRS  to (K=0.5, L=1) does not provide performance gain, while increasing the density of PTRS to (K=1, L=1) can provide performance gain over the current maximum allowed density (K=2, L=1) for cases when the number of RBs is small, e.g., 8, 16, or 32. 
Proposal 1. For PDSCH with 120kHz SCS and a small number of RBs, consider increasing the density of PTRS to (K=1, L=1). 
The lowest SNR @ 10%/1% BLER results, among cases where de-CPE or de-ICI of a certain number of taps is applied, under the SCS 120kHz/480kHz/960kHz are summarized in Table 1. In addition to the above observations of SCS 120kHz, it is seen that for SCS 480kHz/960kHz, de-CPE is mostly the best option for a small number of RBs , with one exception when 32 RBs are used for SCS 480kHz (assuming 32 is still treated as a small number for RB for SCS 480kHz). If a correct de-ICI filter is selected for SCS 480kHz/960kHz, the performance gain by increasing density is only marginal. 
Observation 3. For PDSCH with 480kHz/960kHz SCS, de-CPE mostly works better than de-ICI counterparts for BLER performance.  

Proposal 2. For PDSCH with 480kHz/960kHz SCS and a small number of RBs, consider reuse the legacy PTRS density of (K=2, L=1) (de-CPE is enough compared to de-ICI).  
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Figure 1. BLER performance of the 8-RB PDSCH with de-CPE/de-ICI and different PTRS densities.
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Figure 2. BLER performance of the 16-RB PDSCH with de-CPE/de-ICI and different PTRS densities. 
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Figure 3. BLER performance of the 32-RB PDSCH with de-CPE/de-ICI and different PTRS densities. 

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.   

PTRS enhancement for PUSCH with DFT-s-OFDM
	From RAN1#104b-e meeting
Agreement:
Continue study at least the following aspects for potential PTRS enhancement for DFT-s-OFDM for NR operation in 52.6 to 71 GHz
· The need of potential PTRS enhancement
· PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled
· (Ng = 8, Ns = 4, L = 1), (Ng = 16, Ns = 2, L = 1), (Ng = 16, Ns = 4, L = 1), 
· Note: Ng number of PTRS groups, Ns number of samples per PTRS group, and PTRS every L number of DFT-s-OFDM symbols
· Other patterns are not precluded
· Other aspects of PTRS enhancements are not precluded from further study




In this section, as agreed, the need for potential PTRS enhancement is studied for the PUSCH when a large number of PRBs is scheduled. Similar to the PDSCH case, the following parameters are applied for the simulated cases: carrier frequency 60GHz, subcarrier spacing {120, 480, 960} kHz, bandwidth {400, 1600, 2000} MHz, DFT-s-OFDM waveform, one data layer,  one transmit and two receiver antennas, TDL-A channel with delay spread {40, 20, 10} ns, phase noise by 3GPP TR38.803 example 2 BS/UE PN profile, realistic channel estimation, LMMSE equalizer, 2 DMRS symbols, {MCS22, MCS16, MCS7}. PTRS is enabled for every L=1 number of DFT-s-OFDM for all curves so is not specified in the legends. Linear interpolation-based phase noise estimation and cancellation is performed at the BS side for all the test cases, based on the reference [6] (discrete cosine transform based PN cancellation was also tried but performed much worse and is not included here). 

Figure 4 - Figure 6 include the BLER performance results for PUSCH links under {120kHz SCS, 256 RBs, DS 40ns}, {480kHz SCS, 256 RBs, DS 20ns}, {960kHz SCS, 160 RBs, DS 10ns}. It is seen that similar to the PDSCH case, link with higher order modulation (64QAM) suffers more from phase noise and for 120kHz SCS the legacy density (Ng = 8, Ns = 4, L = 1) can hardly attain BLER below 0.1. For each SCS with 64QAM, the PTRS density  (Ng = 16, Ns = 4, L = 1) offers better performance than the legacy density, although the gain is more notable for the smaller SCS. For each SCS with 16QAM,  the PTRS density  (Ng = 16, Ns = 4, L = 1) has only comparable performance with legacy density (Ng = 8, Ns = 4, L = 1). For QPSK, it is possible that the legacy density provides the best performance, e.g., for the 960kHz SCS case. Further increasing density to (Ng = 32, Ns = 4, L = 1) does not perform well considering its high overhead. Also, reducing the number of samples per group to 2 mostly degrade performance.


Observation 4. For each SCS with 64QAM, the PTRS density  (Ng = 16, Ns = 4, L = 1) offers better performance than the legacy density, although the gain is more notable for the smaller SCS. For each SCS with 16QAM,  the PTRS density  (Ng = 16, Ns = 4, L = 1) has only comparable performance with legacy density (Ng = 8, Ns = 4, L = 1). For QPSK, it is possible that the legacy density provides the best performance, e.g., for the 960kHz SCS case.

Proposal 3. Increasing PTRS density to (Ng = 16, Ns = 4, L = 1) can be considered for PUSCH in B52/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. 
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Figure 4. 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 5. 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 6. BLER performance of the 960kHz SCS, 160 RBs (BW 2000MHz) PUSCH with different PTRS group Ng and sample Ns densities. 


Multi-PDSCH/PUSCH scheduling
	From RAN1#105-e meeting
Agreement:
· Do not use fallback DCI (i.e., DCI formats 0_0 and 1_0) for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI.
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.
Conclusion:
For a DCI that can schedule multiple PUSCHs,
· CSI-request: When the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.

Agreement:
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

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




Relating the FFS on the maximum value of the gap between two consecutively scheduled PxSCH for the non-consecutive multi-slot, the slot-level gaps are useful for handling the collision with semi-statically scheduled DL/UL and to allow dynamic scheduling for other UEs to reduce latency. For the consecutive multi-slot, symbol-level gaps are naturally supported since the number of gap symbols depends on the adjacent SLIVs configured in rows in the extended TDRA table.   
It seems that the more unstraightforward issue to solve is the choice of 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. For the cases when one DCI is used to schedule multi-PxSCH assuming small channel variation across the multi-slot such that power and MCS can be scheduled once and uniformly for multiple slots instead of per PDSCH, one relevant technical discussion here, in our view, is that the maximum duration of a multi-slot with all gaps counted should be confined within the coherence time (approximately Tc=9/(16where  is the maximum Dopper shift that depends on velocity and carrier frequency) with a good margin. Note again that the original motivation to pursue multi-PxSCH is dependent on the observation that for larger SCSs such as 480kHz/960kHz the channel variations across multiple slots are minor, such that using a single DCI to schedule multi-PxSCH may serve to reduce overhead and frequency of switching. A simple calculation can reveal that, for 480kHz SCS, if only lower speed is considered (e.g., 3km/h as assumed for the link simulations for PxSCH with this agenda item), allowing a multi-slot length between 20-30 slots would not surpass the channel coherence time, and with 960kHz SCS more slots within the channel coherence time is expected.  The other technical aspect to be considered is that if longer gaps are used then 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. Note also that there is ongoing discussion at the 8.2.4 agenda item relating to the gap for muti-PxSCH from a beam management perspective, thus a joint decision may be necessary from the two agenda items for recommending the appropriate slots gap for multi-PxSCH. 

Observation 5. The coherence time is one key factor to select the maximum gap between the first scheduled PxSCH and the last scheduled PxSCH. 

Observation 6. The gaps between multi-PxSCH are useful for handling the collision with semi-statically scheduled DL/UL and to allow dynamic scheduling for other UEs to reduce latency. But if longer gaps are used, there is a higher chance that the listen-before-talk (LBT) procedure is necessary for the unlicensed band, and if LBT failure happens the sequence of multi-PxSCH can be interrupted.

Proposal 4. Considering that there is ongoing discussion also at the 8.2.4 agenda item relating to the gap for muti-PxSCH from a beam management perspective, thus a joint decision may be necessary from the two agenda items for recommending the appropriate maximum value of the gap between two consecutively scheduled PxSCHs and maximum value of the gap between the first scheduled PDSCH and the last scheduled PxSCH.

Regarding the study point on how the slot gaps are informed, like discussed in our previous contribution, the option that each SLIV of a row in the TDRA table has a separate K0/K2 (where for each PxSCH the associated K0/K2 still has the same definition) is a convenient way and is still the preference. This way is very similar to the other option with which a single value of K0/K2 per row and distances between PxSCH per SLIV are signaled. Other methods mentioned during the previous email discussion such as using a rate matching indicator (for PDSCH) or an invalid symbol pattern indicator (for PUSCH) to cancel certain slots to attain non-continuous resource allocation may notably increase the DCI overhead if multiple gaps need to be indicated. 

Proposal 5. To inform the gap between PDSCHs or between PUSCHs, separate K0/K2 values are assigned for each SLIV of a row in the TDRA table.  

Type-1 HARQ-codebook for multiple PDSCH
	From RAN1#105-e meeting
Agreement:
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 includes all the unique DL slots that can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· FFS: details of further pruning of the set of SLIVs
· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot
· FFS impact of time domain bundling, if supported
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.



During the RAN1#104b-e and RAN1#105-e meetings, enhancements for the type-1 (semi-static), and type-2 (dynamic) HARQ-ACK codebooks for the multi-PDSCH scheduled by a single DCI were discussed separately. The main effort of RAN1#105-e on type-1 HARQ-ACK codebook was to reach a consensus on the pruning procedure such that the candidate PDSCH reception occasions are determined, and the principles of the down-selected Option 1 and Option 1a from the 104b-e agreement are reflected in the main bullets of the above agreement. One assumption for the existing pruning procedure is that only one PDSCH is allowed, and the SLIVs in different rows of the extended TDRA table according to the same DL slot are overlapped (S=0, L=14), as shown in Figure 7, such that the pruning procedure is rather straightforward with details provided by many companies during the email discussion.
A concern raised by few companies is that the pruning procedure is sufficient if only one PDSCH can be scheduled in a slot, but not necessarily so if more than one PDSCH is allowed. An example case was provided in Figure 8, where in slots n-3 and n-2 two different (non/overlapping) SLIVs are contained in the extended TDRA table. The associated argument therein was that for the slot n-2, SLIV 1-3 and SLIV 2-2 are non-overlapped such that two PDSCH occasions are needed instead of one, and for slot n-3 SLIV 1-2 and SLIV 2-1 are overlapped such that one PDSCH occasion is enough (and this was later corrected based on further company feedbacks since both SLIVs in n-2 and n-3 need to be non-overlapped in order that the corresponding rows can be scheduled). 
While before further pruning is considered for addressing this concern, it is noted that  it was agreed that for higher SCS 480kHz/960kHz only one TB is allowed per slot per PDSCH.  Although no agreement for SCS 120kHz has been made, 8 slots still serves as upper bound if multi-PxSCH is allowed to be configured. If eventually multi-PxSCH is not allowed for SCS 120kHz, then it is a case to be addressed under single-PxSCH and does not correlate with or affect the recommendation here for multi-PxSCH. Therefore, we see current pruning procedure as sufficient for multi-PxSCH and no further pruning is needed 
Proposal 6. No further pruning of the set of SLIVs is necessary beyond the agreed procedure in RAN1#105-e.  

	


	 (TDRA table)

	Index = 0
	{SLIV R0_0}

	Index = 1
	{SLIV R1_0, SLIV R1_1}

	Index = 2
	{SLIV R2_0, SLIV R2_1, SLIV R2_2, SLIV R2_3}



	



Figure 7.  Example case in moderator summary [3] on pruning procedure for type-1 HARQ-ACK codebook  (one PDSCH with overlapped SLIVs in each DL slot)


Figure 8.  Example case in moderator summary [3] on pruning procedure for type-1 HARQ-ACK codebook  (more than one PDSCH allowed with possibly non-overlapped SLIVs in each DL slot)

For time-domain bundling (TDB), it is noted that the email discussions on whether to apply TDB for type-2 HARQ-ACK codebook started from RAN1#104e meeting (and still has not been agreed),but for type-1 HARQ-ACK codebook the discussion only started recently from RAN1#105e meeting. However, we do not think the decision on whether to support TDB or not for type-1 HARQ-ACK codebook should have to go through a similarly lengthy discussion as with type-2 HARQ-ACK codebook, since one of the main obstacles for type-2 HARQ-ACK codebook was the decision on the number of sub-codebooks for each of the alternatives, which was entangled with the decision on TDB. While there is no such issue with type-1 HARQ-ACK codebook, and we support TDB for type-1 HARQ-ACK codebook, given that the concept of TDB is not new (therefore no excessive standard effort) and it can reduce the codebook size depending on the bundling size that can be made configurable. 
Proposal 7. Time-domain bundling can be supported for type-1 HARQ-ACK codebook with a configurable bundling size for the benefit of reduced codebook size. Neither much standard effort nor standard impact is expected.  

For the FFS under collision handling agreement on how to handle HARQ-related issues for the PDSCH and PUSCH (e.g., HARQ process numbering), recall that the agreement was made following the legacy behavior of slot aggregation described in section 11.1 in TS 38.213:
“If a UE is scheduled by a DCI format to receive PDSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicate that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the PDSCH in the slot. 
If a UE is scheduled by a DCI format to transmit PUSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE has scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot.”
It is seen that the agreement and the legacy behavior are both symmetric for handling PDSCH and PUSCH, and we thus seek a uniform rule to handle HARQ-related issues for PDSCH and PUSCH. Therefore, for the multi-PDSCH/PUSCH that has the n-th PDSCH/PUSCH that collides with a UL/DL symbol but not every PDSCH/PUSCH is collided with UL/DL symbols, to avoid HARQ process number issue caused by such collision, the HARQ process number for n-th PDSCH/PUSCH is canceled and the HARQ process numbers of the PDSCH/PUSCHs after the collided slot change according, e.g., TDRA indicates multi-PDSCH [#1, #2, #3, #4, #5(collide), #6, #7(collide), #8] is re-numbered through [#1, #2, #3, #4, #6#5, #8#6]. 
Proposal 8. A consistent way to handle the HARQ processing number issues should be pursued for PDSCH and PUSCH, as a part of collision handling.   

Proposal 9. If a PDSCH/PUSCH in the multi-PDSCH/PUSCH collides with a UL/DL symbol, the HARQ processing number of the colliding slot is canceled, and the following slots are renumbered.   

Type-2 HARQ-codebook for multiple PDSCH
	From RAN1#105-e meeting
Agreement:
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· At least two sub-codebooks are generated for a PUCCH cell group where 
· The first sub-codebook is for the following cases: 
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
· The second sub-codebook is for the following case: 
· Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
· FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
· FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
· FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
· FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
· FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI

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

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




As mentioned in the previous section, the discussions on type-2 HARQ-ACK codebook generation for multi-PDSCH started from RAN1#104e. More standard effort seems to have been spent on type-2 HARQ-ACK codebook discussions than on the type-1 HARQ-ACK codebook, and the following main issues had been entangled: 
1. Down-selection among Alt1, Alt2a, and Alt 3 (not a straightforward comparison, referring to Table 2 attached below, which was also presented in our previous contribution [7])
2. Whether to use more than one HARQ-ACK sub-codebooks for each alternative
· Related to how to maintain the same robustness against DCI loss with R15/16  
3. Whether CBG is allowed for multi-PDSCH 
· This leads to the possibility of using a third sub-codebook, which further complicate the number of sub-codebooks decision
· This is also related to whether to allow multi-PDSCH for SCS 120kHz in a similar way with SCS 480kHz/960kHz (the agreement on CBG is moved from the scheduling to the HARQ section in this contribution since we think it is better handled together with HARQ)
4. Whether to allow TDB for each alternative
5. HARQ-ACK codebook size alignment
6. The substantial standard effort for changing the DAI counting rule  

Table 2.  Comparison among C-DAI/T-DAI counting alternatives for multi-PDSCH HARQ-ACK codebook
	
	Alt 1
(C-DAI/T-DAI is counted per DCI)
	Alt 2a
(C-DAI/T-DAI is counted per PDSCH with a single codebook)
	Alt 3
(C-DAI/T-DAI is counted per M scheduled PDSCH(s))
	Notes

	DAI overhead
	Low
	High
	Adjustable
	Larger than 10 bits overhead for Alt 2a for DL scheduling formats; and more overhead for UL grant formats

	HARQ codebook size
	High
	Low
	Adjustable
	 

	Robustness to consecutive DTX 
	 Low
	High
	Adjustable
	Robustness to consecutive DTX increases with the number of DAI bits

	Number of sub-codebooks
	Two
	One
	Not determined
	Alt 1 resembles how the CBG based sub-codebooks are used in Rel-15

	Time-domain bundling
	Applicable
	Applicable
	Applicable
	Bundling size for the three alternatives can be different.

	Standard effort
	Low
	Medium
	High
	Changing the way DAI is counted requires standard effort; deciding the bundling size M and introducing RRC parameter for Alt 3 requires standard effort. 


During RAN1#105e, it was summarized that ‘Given preference and considering Alt 3 includes Alts 1 and 2, it seems reasonable to focus on Alts 1 and 2. Instead of narrow it down to a specific alternative, we may try to agree on more details of each alternative’.  It is noted that there is no explicit decision to rule out any alternative, even the Alt 3, which is only not the focus by the time. However, Alt 3 is not only not favorable as an alternative, but also may continue causing excessive efforts as it had been since RAN1#104e. Therefore, we recommend an explicit conclusion that Alt 3 is not to come back on the table despite the decisions on Alts 1 and 2. 
Proposal 10. Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) will no longer be considered despite the decisions on Alts 1 and 2 for HARQ-ACK codebook generation for multi-PDSCH.  

Assume Proposal 11 is acceptable, the main issue 1 is at least alleviated. 

For the issue of whether to use more than one HARQ-ACK sub-codebooks for each alternative, the current status is that for Alt 1, 2 sub-codebooks are agreed with 3 sub-codebooks under FFS for; for Alt 2, 1 sub-codebook is agreed with 2 or 3 sub-codebooks under FFS. The benefit of using 2 sub-codebooks for Alt 1 is reduced HARQ-ACK codebook size, while the potential benefit of using 2 sub-codebooks for Alt 2 is different, i.e., to address the mismatch in the DAI signaling capability of the two DCI formats when DAI is counted per PDSCH. The robustness requirement described in the Note the DAI bit width and number of sub-codebooks shall ensure that at most 3 consecutive missed DCIs can be resolved, same as in Rel-15/16 NR is attained if two sub-codebooks are adopted by Alt 2. The potential decision on whether to further allow the 3rd sub-codebook depends on whether to embrace the CBG-based multi-PDSCH, which is not a standalone decision given main issue 3. Therefore, it is suggested to decouple the 3rd codebook issue for both alternatives and focus on approving the 2nd sub-codebook for Alt 2, such that the increased DAI bits are only for cells associated with the 2nd sub-codebook, not all configured serving cells. 

Proposal 11. If Alt 2 is down-selected, support using two sub-codebooks for the HARQ-ACK codebook generation to ensure that at most 3 consecutive missed DCIs can be resolved. 
 
The issue of whether CBG is allowed for multi-PDSCH, as mentioned earlier, relates to whether a 3rd HARQ-ACK codebook is further supported, while the decision is complicated given different views on the necessity of CBG-based re-transmission for the relatively larger SCSs associated with B52/FR2-2. For technical consideration, we do not see CBG-based re-transmission useful at least for SCS 480kHz/960kHz, because no sufficient channel changes between consecutive CBs are expected, provided with the short slot duration for these larger SCSs in comparison to the typical channel coherence time. On the other hand, for standard effort consideration, a ‘uniform design’ is appreciated between SCS 120kHz and SCS 480kHz/960kHz scenarios. This leads to a dilemma that whether such uniform design implies no CBG-bases re-transmission if more weight is given to SCS 480kHz/960kHz or allowing CBG-based re-transmission since it may still be helpful for SCS 120kHz. Our view is to prioritize technical considerations over standard effort, i.e., CBG-based re-transmission is not considered at least for SCS 480kHz/960kHz but may be considered for SCS 120kHz for both multi-PUSCH and multi-PDSCH. Thus, for SCS 480kHz/960kHz, no CBGTI/CBGFI fields are supported in the DCI that can schedule multi-PUSCH or multi-PDSCH. 
Then, the 3rd sub-codebook is at least not applicable for SCS 480kHz/960kHz. For SCS 120kHz, if the final decision is that CBG is supported, one may have to face a consequential issue of HARQ-ACK codebook size growth for the CBG + multi-PDSCH option (no matter it uses the 3rd sub-codebook or be merged into the 2nd sub-codebook). Therefore, we do not see the benefit of the 3rd sub-codebook, and in turn the support of CBG-based re-transmission, thus a uniform design is achieved by technical considerations. 
Proposal 12. For SCS 480kHz/960kHz, no CBGTI/CBGFI fields are supported in the DCI that can schedule multi-PUSCH or multi-PDSCH. 


Observation7. For technical consideration on the short slot duration in comparison with the channel coherence time, the 3rd sub-codebook is at least not applicable for SCS 480kHz/960kHz. For SCS 120kHz, if the final decision is that CBG is supported, one may have to face a consequential issue of HARQ-ACK codebook size growth for the CBG + multi-PDSCH option.

Proposal 13. The 3rd sub-codebook is not supported for the type-2 HARQ-ACK codebook. 

For the issue of TDB, a common understanding between the companies during RAN1#105e is that TDB is applicable to both Alt 1 and Alt 2. Also, it was noted by the moderator in the summary the most critical factors to decide between Alt 1 and Alt 2 are, HARQ-ACK payload size for Alt 1 and DCI overhead for Alt 2. Then it seems to mean that down-selection is still expected between these two alternatives (if not to bring Alt 3 back as suggested earlier), despite that separate agreements on details of the two alternatives are already made. If this is the case,  we do not see a reason not to support TDB for at least the Alt 1, because it only requires minor standard effort to allow TDB to reduce the HARQ-ACK payload size for Alt 1. In this case, we do not see a strong need for further consideration of Alt 2, given that it is also a common understanding that the change to support DAI counting per PDSCH requires substantial standard effort. 
While if this is not the intention, i.e., no down-selection between Alt 1 and Alt 2 is planned, then we are still in favor of supporting TDB at least for Alt 1, taken into account that HARQ-ACK payload size is not the main drawback of Alt 2. Also, it was observed by few companies and the moderator that Alt 1 and Alt 2 should work with and without TDB being configured. The observation seems fine for us, and we think TDB is compatible with the two sub-codebooks design for Alt 1 (if TDB is configured, both TDB and the two sub-codebooks design serve to reduce HARQ-ACK codebook size; if TDB is not configured, the two sub-codebooks design is still helpful to avoid excessive HARQ-ACK codebook size). The enabling of TDB with a chosen bundling size should be useful if for certain UE the coverage loss is still unacceptable and the HARQ-ACK codebook size needs further reduction given two sub-codebooks being used. 
Observation 8. Time-domain bundling is applicable to both Alt 1 and Alt 2.  Time-domain bundling is compatible with the two sub-codebooks design.  

Proposal 14. Support time-domain bundling for at least Alt 1 to further reduce HARQ-ACK codebook size.  The number of HARQ-ACK bits per DCI for 2nd sub-codebook is the maximum number of PDSCH bundles per DCI.

Proposal 15. If down-selection between Alt 1 and Alt 2 is preferred, Alt 1 with two sub-codebooks and configurable time-domain bundling requires substantially less standard effort than Alt 2 and is thus the recommended alternative. Alt 2 that requires a change of DAI counting can be deprioritized.  

Further regarding TDB (for Alt 1 as we propose to deprioritize Alt 2), it not only can reduce codebook size but can also serve to align the codebook size, especially if the maximally allowed numbers of PDSCHs are different for SCS 120kHz, 480kHz, 960kHz (a uniform maximum does not seem to be most reasonable given the coherence time consideration). For example, if these maximal numbers are 8/4 respectively for 960kHz/480kHz, then a bundling size of 4/2 can be assigned respectively to align the codebook size of the second sub-codebook. For SCS 120kHz, in case the maximum allowable number of PDSCHs is 1, i.e., only a single PDSCH is allowed, it can be merged into the first sub-codebook. Therefore, two sub-codebooks are still sufficient to handle different SCS-related cases numbers with TDB.   

Observation 9. The codebook sizes need to be aligned for different SCSs if the maximally allowed PDSCHs in a multi-PDSCH are different.

Proposal 16. For SCS 120kHz, in case the maximum allowable number of PDSCHs is 1, i.e., only single PDSCH is allowed, it can be merged into the first sub-codebook.    



Timeline
	Agreement:
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines (not related to PDCCH monitoring) for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz
· RAN1 strives to reduce the absolute time durations from the upper bound if feasible
· FFS: How to derive timeline values
· Case by case study
· FFS: model-based approach for selected timelines, e.g. exponential models, projection based on log-linear regression, etc.
Agreement:
A model-based approach is not used to derive the timelines for single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz.
[bookmark: _Ref61456236]Table 1 in [5]. 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 ([1, Huawei], [16, Qualcomm])
39~41 ([4, vivo])
40 ([5, Nokia])
30 ([7, CATT])
37 ([10, Ericsson])

	36 ([7, CATT])

	6 (960 kHz)
	160 ([1, Huawei], [16, Qualcomm])
53~57 ([4, vivo])
80 ([5, Nokia])
42 ([7, CATT])
50 ([10, Ericsson])

	50 ([7, CATT])



Table 2 in [5]. PUSCH preparation time for PUSCH timing capability 
	

	PUSCH preparation time N2 [symbols]

	3 (120 kHz)
	36

	5 (480 kHz)
	144 ([1, Huawei], [16, Qualcomm])
87~95 ([4, vivo])
52 ([5, Nokia])
60 ([7, CATT])
91 ([10, Ericsson])


	6 (960 kHz)
	288 ([1, Huawei], [16, Qualcomm])
137~153 ([4, vivo])
108 ([5, Nokia])
72 ([7, CATT])
144 ([10, Ericsson])





Table 3 in [5]. 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 ([1, Huawei], [16, Qualcomm])
39~41 ([4, vivo])
37 ([10, Ericsson])


	6 (960 kHz)
	160 ([1, Huawei], [16, Qualcomm])
53~57 ([4, vivo])
50 ([10, Ericsson])







The timeline related issues had been discussed for two meetings, RAN1#104-e and RAN1#104b-e, although no specific values were agreed for the processing times (N1, N2, N3) or the configuration(s)/default values of (k0, k1, k2), given split views regarding how these values should be changed for 480kHz/960kHz SCSs. Example Tables 1-3 in [5] are attached above to show different recommendations from companies, several of which had adopted a model-based approach to select the timelines. Due to the concern that model-based approaches are just derived mathematically from the existing values defined for lower SCS without solid evidence from implementation, it was agreed later that a model-based approach is not used to derive the timelines for the single PDSCH/PUSCH and the multi-PDSCH/PUSCH. 
It was also identified that multiple factors make even a case-by-case approach difficult for timeline issues, including 

· ICI compensation time
· Additional PDSCH decoding time if implementing joint channel estimation over all the DMRS symbols across slots
· How the TDRA is extended including decisions on gaps and maximum length
· The increment of fraction of RF/baseband processing other than LDPC decoding when SCS increases
· The potential need for increment of HARQ processing numbers
· Whether multi-PUCCH should be adopted for multi-PDSCH/PUSCH, etc.

These issues can be coupled or dependent on how other aspects are to be converged for this agenda item. Therefore, it does not seem realistic at least for this meeting to reduce the absolute time duration for 120 kHz SCS, which is agreed to serve as the upper bound for 480kHz/960kHz, without firstly getting those issues solved. Instead, for progress to be made, the absolute time duration for 120 kHz SCS, which now serves as the upper bound, can be directly used for 480kHz/960kHz SCSs without reductions, at least for the single-PDSCH/PUSCH cases. 

Proposal 17. The absolute time duration for 120 kHz SCS, which now serves as the upper bound, can be directly used for 480kHz/960kHz SCSs without reductions, at least for the single-PDSCH/PUSCH cases. 

For the multi-PDSCH/PUSCH cases, it was pointed out in [9] that when the absolute time for 120kHz SCS is used for all SCSs, there is an issue of HARQ process starvation for the higher SCS such as 960kHz with PDCCH monitoring occasions every 8th slot. Two different solutions were proposed to solve the HARQ process starvation, i.e., increasing the maximum number of DL/UL HARQ processes from 16 to 32 or  adopting multi-PUCCH. For the alternative of increasing the maximum number of DL/UL HARQ processes from 16 to 32, the good side is that the standard effort is expected to be minor, and the downside is increased DCI size and required memory for UE for buffering more transmissions. The alternative of adopting multi-PUCCH for more timely UCI feedback, on the contrary, is expected to result in more standard effort but does not require increased UE buffering capability. It is better that the selection between the two alternatives is not deprioritized in this meeting such that when the absolute time for 120kHz is applied for higher SCSs the throughput loss due to HARQ process starvation is eliminated or at least minimized for the multi-PDSCH/PUSCH. 
Besides the processing times (N1, N2, N3) and the configuration(s)/default values of (k0, k1, k2) for 480kHz/960kHz SCS that are recommended to scale according to the absolute time of 120kHz SCS, the slot configuration period P (msec) in UL/DL configuration can be scaled, i.e., one value of P = 0.625 is reused for 120kHz/480kHz/960kHz SCS (/4/5) and the number of configured slots S= are still integers 8/16/32; the other value P = 2.5 is reused for  30kHz/60kHz/120kHz/480kHz/960kHz (/4/5) and the number of configured slots are 5/10/20/40/80. 

Proposal 18. The slot configuration period is reused for 480kHz/960kHz SCS and the number of configuration slots is scaled accordingly.  

Conclusion
Performance of PDSCH with small RB and PUSCH with extended PTRS densities are studied through link simulations. Scheduling and HARQ aspects for multi-PDSCH/PUSCH are studied, and timeline related issues are discussed    
Observation 1. For PDSCH with 120kHz SCS, de-ICI does not necessarily work better than de-CPE method for cases when the number of RBs is small, e.g., 8 or 16.  

Observation 2. For PDSCH with 120kHz SCS, increasing the density of PTRS to (K=0.5, L=1) does not provide performance gain, while increasing the density of PTRS to (K=1, L=1) can provide performance gain over the current maximum allowed density (K=2, L=1) for cases when the number of RBs is small, e.g., 8, 16, or 32. 
Observation 3. For PDSCH with 480kHz/960kHz SCS, de-CPE mostly works better than de-ICI counterparts for BLER performance.  

Observation 4. For each SCS with 64QAM, the PTRS density  (Ng = 16, Ns = 4, L = 1) offers better performance than the legacy density, although the gain is more notable for the smaller SCS. For each SCS with 16QAM,  the PTRS density  (Ng = 16, Ns = 4, L = 1) has only comparable performance with legacy density (Ng = 8, Ns = 4, L = 1). For QPSK, it is possible that the legacy density provides the best performance, e.g., for the 960kHz SCS case.

Observation 5. The coherence time is one key factor to select the maximum gap between the first scheduled PxSCH and the last scheduled PxSCH. 

Observation 6. The gaps between multi-PxSCH are useful for handling the collision with semi-statically scheduled DL/UL and to allow dynamic scheduling for other UEs to reduce latency. But if longer gaps are used, there is a higher chance that the listen-before-talk (LBT) procedure is necessary for the unlicensed band, and if LBT failure happens the sequence of multi-PxSCH can be interrupted.

Observation 7. For technical consideration on the short slot duration in comparison with the channel coherence time, the 3rd sub-codebook is at least not applicable for SCS 480kHz/960kHz. For SCS 120kHz, if the final decision is that CBG is supported, one may have to face a consequential issue of HARQ-ACK codebook size growth for the CBG + multi-PDSCH option.

Observation 8. Time-domain bundling is applicable to both Alt 1 and Alt 2.  Time-domain bundling is compatible with the two sub-codebooks design.  

Observation 9. The codebook sizes need to be aligned for different SCSs if the maximally allowed PDSCHs in a multi-PDSCH are different.

Proposal 1. For PDSCH with 120kHz SCS and a small number of RBs, consider increasing the density of PTRS to (K=1, L=1). 
Proposal 2. For PDSCH with 480kHz/960kHz SCS and a small number of RBs, consider reuse the legacy PTRS density of (K=2, L=1) (de-CPE is enough compared to de-ICI).  
Proposal 3. Increasing PTRS density to (Ng = 16, Ns = 4, L = 1) can be considered for PUSCH in B52/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.

Proposal 4. Considering that there is ongoing discussion also at the 8.2.4 agenda item relating to the gap for muti-PxSCH from a beam management perspective, thus a joint decision may be necessary from the two agenda items for recommending the appropriate maximum value of the gap between two consecutively scheduled PxSCHs and maximum value of the gap between the first scheduled PDSCH and the last scheduled PxSCH.


Proposal 5. To inform the gap between PDSCHs or between PUSCHs, separate K0/K2 values are assigned for each SLIV of a row in the TDRA table.  


Proposal 6. No further pruning of the set of SLIVs is necessary beyond the agreed procedure in RAN1#105-e.  

Proposal 7. Time-domain bundling can be supported for type-1 HARQ-ACK codebook with a configurable bundling size for the benefit of reduced codebook size. Neither much standard effort nor standard impact is expected.  

Proposal 8. A consistent way to handle the HARQ processing number issues should be pursued for PDSCH and PUSCH, as a part of collision handling.   

Proposal 9. If a PDSCH/PUSCH in the multi-PDSCH/PUSCH collides with a UL/DL symbol, the HARQ processing number of the colliding slot is canceled, and the following slots are renumbered.   


Proposal 10. Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) will no longer be considered despite the decisions on Alts 1 and 2 for HARQ-ACK codebook generation for multi-PDSCH.  

Proposal 11. If Alt 2 is down-selected, support using two sub-codebooks for the HARQ-ACK codebook generation to ensure that at most 3 consecutive missed DCIs can be resolved. 

Proposal 12. For SCS 480kHz/960kHz, no CBGTI/CBGFI fields are supported in the DCI that can schedule multi-PUSCH or multi-PDSCH. 

Proposal 13. The 3rd sub-codebook is not supported for the type-2 HARQ-ACK codebook. 

Proposal 14. Support time-domain bundling for at least Alt 1 to further reduce HARQ-ACK codebook size.  The number of HARQ-ACK bits per DCI for 2nd sub-codebook is the maximum number of PDSCH bundles per DCI.

Proposal 15. If down-selection between Alt 1 and Alt 2 is preferred, Alt 1 with two sub-codebooks and configurable time-domain bundling requires substantially less standard effort than Alt 2 and is thus the recommended alternative. Alt 2 that requires a change of DAI counting can be deprioritized.  

Proposal 16. For SCS 120kHz, in case the maximum allowable number of PDSCHs is 1, i.e., only a single PDSCH is allowed, it can be merged into the first sub-codebook.    

Proposal 17. The absolute time duration for 120 kHz SCS, which now serves as the upper bound, can be directly used for 480kHz/960kHz SCSs without reductions, at least for the single-PDSCH/PUSCH cases. 

Proposal 18. The slot configuration period is reused for 480kHz/960kHz SCS and the number of configuration slots is scaled accordingly.  
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