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1 Introduction
In the WID [1], the following parts are included in the objective.
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line 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. 
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· 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.
This contribution discusses the remaining issues for timeline, RS design (PTRS and DMRS), and multi-PDSCH/PUSCH scheduling by a single DCI. 

2 Timeline and DMRS enhancements
Default K1 value
In the last RAN1#106bis meeting, RAN1 made the following agreements on default K1 values for DCI format 1_0 for 480/960kHz SCS in FR2-2. [2]
	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, decide the set of values for PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 in RAN1#107-e.
· Option 1: {4, 8, 12, 16, 20, 24, 28, 32} for 480 kHz and {8, 16, 24, 32, 40, 48, 56, 64} for 960 kHz
· Option 2: {7, 8, 9, 10, 11, 12, 13, 14} for 480 kHz and {13, 14, 15, 16, 17, 18, 19, 20} for 960 kHz
· Option 2a: {1, 2, 3, 4, 5, 6, 7, 8} (same as in existing specification)
· Note: the actual slot offset of k1 is the indicated value + offset where offset is ceil(N1/14)
· Other options are not precluded  


In Option 1, granularity of the K1 value in DCI format 1_0 increases to 4 or 8 for 480KHz or 960kHz, respectively, but in option 2, granularity of the K1 value in DCI format 1_0 is kept as 1 but it introduces an offset value depending on the minimum PDSCH processing time, N1. In terms of gNB scheduling flexibility, both options have some limitations, which are shown in Figure 1. 
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Figure 1. Default K1 values. ‘x’ means non-schedulable slot for PDSCH and ‘o’ means schedulable slot for PDSCH. It is assumed that ‘S’ slot is not used for PUCCH transmission
From Figure 1, we can observe that option 1 can provide more number of schedulable slots for PDSCH than option 2, but option 2 can provide more flexible PUCCH scheduling because one DL slot can be associated to more than one UL slot. For example, in option 1, DL slot 10 is associated to UL slot 26 or UL slot 58(not shown in Figure 1) by K1=16 or K1=48 respectively, but in option 2, DL slot 10 is associated to UL slot 26, 27, 28, 29, 30, by K1=16, 17, 18, 19, 20, respectively. Additionally, the K1 values 4 and 8 for 480kHz and 8 for 960kHz are not applicable due to PDSCH processing time. Even though some of slots are not schedulable for PDSCH, gNB can configure DCI format 1_1 or 1_2 additionally with appropriate K1 values (Recall that the range of K1 value in DCI format 1_1/1_2 is up to 127 with 1-slot granularity). Therefore, we prefer to keep 1-slot granularity, i.e., option 2.
Proposal 1: Support Option 2 for default K1 value in DCI format 1_0.

Remaining parameters for Timeline
In the last RAN1#106bis meeting, RAN1 discussed the following two proposals but did not reach consensus due to lack of time [3]. 
	Proposal 1-5
For NR operation with 480 kHz and/or 960 kHz SCS, d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) are scaled by 4 and 8 for 480kHz and 960kHz, respectively.
Proposal 1-6a
· For NR operation with 480 kHz and/or 960 kHz SCS, scale the corresponding values of 120 kHz SCS by 4x/8x for 480 kHz and 960 kHz SCS respectively for the following UE timeline parameters for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1
FFS: Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6): X in 38.213 Section 10.3 and 38.133 Section 8.2.1.2.7


Regarding proposal 1-5, some companies suggest to scale d1,1 (d2,1) and d2 up by 4 or 8 for 480kHz or 960kHz, respectively same as in N1/N2/N3. Since d1,1 (d2,1) and d2 is introduced in Rel-15/16 to provide additional processing time taking into account DM-RS position and UCI multiplexing. Such an additional processing time would be beneficial if the processing time N1/N2/N3 for 480/960kHz is determined tightly. Unfortunately, the processing time N1/N2/N3 for 480/960kHz is the scaled value of the processing time for 120kHz so that it might be loose and it was concluded that there’s no consensus in RAN1 to introduce other values of N1, N2 and N3 for NR operation with 480 and/or 960 kHz SCS in Rel-17. Therefore, additional processing time relaxation does not provide any gains with the loose N1/N2/N3 timeline. 
Regarding proposal 1-6a, the first two values, denoted as N, are basically same as N3 even if N and N3 are different notations because both of N and N3 are used for processing time to compute HARQ-ACK information and generate a PUCCH for the HARQ-ACK information. For Δ, Npdsch, and Zµ, since these are defined per subcarrier spacing, we agree to introduce scaling of these values same as in N1/N2/N3. For the minimum time gap for wake-up and Scell dormancy indication, it’s up to RAN4 decision. 
Proposal 2: Support that the following parameters are scaled by 4 or 8 for 480kHz or 960kHz, respectively.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1

Proposal 3: Do not introduce additional scaling for d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) for 480kHz and 960kHz.

DMRS Enhancements
In the RAN1#106e meeting, the following agreements and conclusion related to DMRS are reached.
	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 

Conclusion:
In Rel-17, for NR operation with 480 kHz and/or 960 kHz SCS, new DMRS pattern with increased frequency domain density is not supported.


The agreements and conclusion made in the previous RAN1#106-e meeting mainly focused on whether/how to improve channel estimation performance in frequency domain but there are no agreements on time domain. For time domain enhancement, since the slot duration is smaller and the typical scenario is stationary scenario in 52.6~71GHz, coherent time may be longer compared with the slot duration. At least for multiple PDSCHs/PUSCHs with contiguous time domain resource, DMRS time domain density can be lower than one DMRS per PUSCH/PDSCH to reduce DMRS overhead without channel estimation performance degradation and equivalently improves PUSCH/PDSCH efficiency. And DMRS bundling of multiple PUSCHs/PDSCHs can be applied to improve channel estimation performance. But, due to lack of time, new DMRS patterns or new PDSCH DMSS bundling cannot be introduced in FR2-2. Instead, since Rel-17 Coverage enhancement WI specified DMRS bundling across multiple PUSCHs, these features can be applied to FR2-2. 
Proposal 4: For multiple PUSCHs in in FR2-2, support DMRS bundling across the multiple PUSCHs introduced in Rel-17 Coverage enhancement WI.

3 Multi-PDSCH/PUSCH scheduling and HARQ
1 
2 
3 
4 
5 
3.1 Multi-PDSCH/PUSCH scheduling
Maximum number of PDSSCH when 2 TB is enabled/scheduled
	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.
· 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
· FFS: Whether unified or separate parameter to enable/disable 2-TB for single and for multiple PDSCH scheduling
· Strive to minimize the increase in the number of bits in the DCI needed to support this feature
Agreement:
For a DCI that can schedule multiple PDSCHs, and if RRC parameter configures that two codeword transmission is enabled,
· MCS for the 2nd TB: This appears only once in the DCI and applies commonly to the 2nd TB of each PDSCH
· NDI for the 2nd TB: This is signaled per PDSCH and applies to the 2nd TB of each PDSCH
· RV for the 2nd TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the 2nd TB of each PDSCH
· FFS: the maximum number of PDSCHs when 2 TB is enabled or when 2 TB is scheduled



In the previous meetings, RAN1 has discussed whether to support two codeword transmission for FR 2-2. From our perspective, two codeword transmission is not suitable for FR 2-2 due to the following reason. 
· During RAN-level study, it is well-understood that the maximum supported layers with practical MIMO implementation is quite limited in this band due to fewer #strong clusters in this band. As is captured in TR 38.807, up to two spatial layer could be supported using polarization diversity. Later in RAN1 SI phase, RAN1 had extensive discussions on the realistic assumptions and finally agreed maximum layer is still only 2 as captured in TR 38.808. Because 2-TB is applicable only if the number of layers >4, while the maximum layer for 52.6GHz is only 2 according to both RAN and RAN1 study, it does not make sense to support 2-TB for 52.6GHz. 
· In last RAN1 meeting, some companies implied existing mTRP case could support 2-TB scheduling by a single DCI and intended to support multi-PDSCH scheduling for mTRP case. However, the fact is, mTRP only supports 1 TB for both single and multi-DCI case studied by Rel-16/17 MIMO.  
· Multi-DCI case, i.e. two PDSCHs are independently scheduled by each DCI and each DCI can schedule a PDSCH with one TB. Each PDSCH is transmitted by each TRP. 
· Single DCI case, i.e. one TB can be split into two parts, each part is transmitted by one TRP. The split is by layer. For example, 1 TB with 2 layers, each TRP transmits 1 layer.
· There were also some companies mentioned 2-TB scheduling would be supported for MU-MIMO case, even if 2-TB may not be feasible for SU-MIMO. However, in fact, whether there would be a paired UE does not increase the number of clusters of a channel per UE, i.e. it does not increase the number of layers per UE, and that's why the number of layers per UE is still only up to 8 layers which is the limit of SU-MIMO, though NR supports up to 12 layers for MU-MIMO in Rel-15.
After the intensive discussion in the RAN1#106-e meeting, RAN1 made a working assumption to support two codeword transmission for FR2-2 as a compromise. As describe above, we are still seeing negative impacts on the two codeword transmission for FR2-2 but considering progress on FR2-2 we can accept two codeword transmission with restrictions on the maximum number of SLIVs in a TDRA table in a DCI format scheduling multi-PDSCHs.
In the last RAN1#106b-e meeting, RAN1 made an agreement on details on singnaling of MCS/NDI RV for the second TB, i.e., single MCS applied to the second TB of all scheduled PDSCHs, and separate 1-bit NDI and 1-bit RV applied for the second TB of each scheduled PDSCH. However, the signaling overhead to support 2-TB would be dramatically large, due to separate NDI & RV for 2nd TB for each PDSCH. We summarize DCI overhead due to MCS/NDI/RV fields in Table 1. For example, comparting 1 TB and 8 PDSCHs scheduling and 2 TBs and 8 PDSCHs scheduling, additional 21 bits is added in case of 2 TBs and 8 PDSCHs scheduling for the 2nd TB. Apparently, it materially degrades PDCCH coverage. In order to guarantee the coverage of the PDCCH, the maximum length of the DCI format should be determined regardless of the number of enabled TBs. In other words, the DCI overhead of two codeword transmission should be no larger than that of single codeword transmission. As a consequence, if the two codeword transmission is enabled, up to 2 PDSCHs can be configured in a row of TDRA table. 

Table 1. DCI overhead
	
	1 TB &
8 PDSCHs
	2 TB & 
2 PDSCHs
	2 TB & 
3 PDSCHs
	2 TB & 
4 PDSCHs
	2 TB & 
8 PDSCHs

	MCS for 1st TB
	5
	5
	5
	5
	5

	NDI for 1st TB
	8
	2
	3
	4
	8

	RV for 1st TB
	8
	2
	3
	4
	8

	MCS for 2nd TB
	-
	5
	5
	5
	5

	NDI for 2nd TB
	-
	2
	3
	4
	8

	RV for 2nd TB
	-
	2
	3
	4
	8

	Total overhead
	21
	18
	22
	26
	42



Proposal 5: If two codeword transmission is supported and enabled for FR2-2, the maximum configured number of PDSCHs in a row of TDRA table in a DCI format scheduling multi-PDSCH is limited to 2.

DCI design for Multi-PUSCH/PDSCH scheduling
In the last meeting, RAN1 agreed details on TDRA, priority indicator, open loop power control parameter set indication, VRB-to-PRB mapping, PRB bundling size indicator, ZP-CSI-RS trigger, and rate matching indicator.
	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:
· For a DCI that can schedule multiple PUSCHs,
· Priority indicator and open loop power control parameter set indication fields are applied to all of scheduled PUSCHs.
· For a DCI that can schedule multiple PDSCHs,
· Priority indicator field is applied to all of scheduled PDSCHs.

Agreement:
For a DCI that can schedule multiple PDSCHs,
· Each of VRB-to-PRB mapping, PRB bundling size indicator, ZP-CSI-RS trigger, and rate matching indicator fields appears only once in the DCI.
· VRB-to-PRB mapping and PRB bundling size indicator fields are applied to all the PDSCHs scheduled by the DCI.
· For ZP-CSI-RS trigger field, the triggered aperiodic ZP CSI-RS is applied to all the slot(s) in which the PDSCH(s) scheduled by the DCI are contained.
· When receiving a PDSCH scheduled by the DCI, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2 (according to indication of rate matching indicator field) are not available for the scheduled PDSCH.



For multi-PUSCH scheduling, our views on the remaining field in a DCI format are summarized below. 
· FDRA: whether/how to enhance FDRA?
Some companies proposed to increase RBG size to reduce DCI overhead, with the assumption that one UE may typically occupy a large number of PRBs due to limited FDMed UE, thus no need of fine granularity as defined for low band. In Rel-16 URLLC, DCI format 0_2 already supports configurable granularity (by resourceAllocationType1GranularityDCI-0-2) for resource allocation type-1. Then, the same mechanism can be reused for 52.6~71GHz with extended range for granularity. 
· CBGTI: whether or not CBG (re)transmission is supported for 480/960 KHz? 
In last meeting, companies discussed whether to support CBG-based transmission for 480/960 KHz. On one hand, the benefit of CBG-based transmission for 480/960 KHz would be marginal due to quite similar channel within a slot with very short duration. On the other hand, CBG-based transmission would still be beneficial when the interference within a slot is different, e.g. in case of symbol-level cancellation by URLLC. Because the argument is held for both single and multi-PUSCH scheduling, the unified solution can be applicable to both a DCI capable of only single PUSCH scheduling and a DCI capable of multi-PUSCH scheduling. But, due to larger DCI overhead for CBGTI for multi-PUSCH scheduling, CBGTI is only present for single PUSCH scheduling, for both DCI types. 
To provide the flexibility for different scenarios, gNB can configure CBG-based transmission per BWP. In that way, gNB can enable CBG-based transmission for a BWP with 120KHz SCS while disable CBG-based transmission with 960KHz. 
· Frequency hopping: whether/how to support frequency hopping for scheduled PUSCHs?
In Rel-15 and Rel-16 URLLC, UL frequency hopping supports intra-slot frequency hopping for single slot and multi-slot PUSCH transmission (Type-A repetition), inter-slot frequency hopping for Type-A and Type-B repetition, and inter-PUSCH frequency hopping for Type-B repetition. 
In Rel-16 NR-U, when interlace is configured, UL frequency hopping is always disabled due to full bandwidth transmission of an interlace. RAN1 did not discuss the case for legacy non-interlaced resource allocation.  
In 52.6~71GHz unlicensed and licensed band, a UL transmission can occupy only part of the bandwidth, e.g. single or few PRB transmission. Therefore, UL frequency hopping should be supported. In case of multi-PUSCH scheduled by single DCI, because each PUSCH has individual TB and each PUSCH is confined within a slot, frequency diversity gain can be achieved by intra-PUSCH hopping, while marginal gain by inter-PUSCH or inter-slot hopping. 
· QCL indication
In beam management agenda item, RAN1 decided to only support single SRI for multi-PUSCH scheduling for single TRP case, while it is FFS for multi-TRP case. The detailed indication mechanism can be discussed after progress in beam management agenda item. 
Proposal 6: For multi-PUSCH scheduling DCI: 
· CBG: 
· Not support CBG-based transmission for single and multi-PUSCH scheduling for 480/960 KHz.
· Not support CBG-based transmission for multi-PUSCH scheduling for 120KHz, but applicable for single-PUSCH scheduling for 120KHz.
· Frequency hopping: Support intra-PUSCH hopping
· FDRA: Support increased RBG size using the same mechanism introduced in Rel-16 URLLC

For multi-PDSCH scheduling, Table 2 provides our views. 
Table 2 DCI for multi-PDSCH scheduling
	Bit field
	Bit field type (for Rel-17)
	Note

	MCS/RV/NDI for 2nd TB
	MCS applied to all PDSCHs, separate RV/NDI for each PDSCH
	Depending on whether the working assumption on two codeword transmission for FR2-2 is confirmed or not

	HARQ –ACK relevant bit field 
	Enhanced type-2/ type-3 codebook bit field
	Single bit field applied to all PDSCHs, applied to single PUCCH
	For enhanced type-2 codebook, all PDSCHs belong to the same PDSCH group. 
As agreed in previous meeting, HARQ-ACK of all PDSCHs is multiplexed in one PUCCH. FFS multiple PUCCH case (in next section).

	
	DAI, PRI and K1 indication
	Single bit field applied to single PUCCH
	

	LBT/TPC
	Single bit field applicable to PUCCH
	Same as single PDSCH case

	Minimum applicable scheduling offset indicator
	Single bit field applicable to 1st PDSCH
	

	SCell dormancy indication
	Single bit field applied to 1 or multiple cells 
	Same as single PDSCH case

	CBGTI/FI
	Bit field not present
	No CBGFI/CBGTI for both single and multi-PDSCH [Note 1]


Note 1: In last meeting, most companies agreed to not support CBG-based transmission for multi-PDSCH scheduling for 52.6GHz, while different companies have different views on whether support CBG-based transmission for single PDSCH scheduling. Similar to PUSCH, whether CBG-based transmission is beneficial would be different for different scenarios. But for PDSCH, another consideration point is, the potential impact on HARQ-ACK feedback. For type-1 HARQ-ACK codebook, non-CBG-based transmission for both single and multi-PDSCH scheduling can avoid the difficulty of variable number of bits per PDSCH transmission occasion for single and multi-PDSCH scheduling, and reduce HARQ-ACK codebook size dramatically. 
Proposal 7: For multi-PDSCH scheduling, the bit field common for DL and UL grant use the same design as multi-PUSCH scheduling, and at least following DL-specific bit field should be specified,
· CBG-based transmission is not applicable to single and multi-PDSCH scheduling
· HARQ-ACK relevant bit field is applicable to all PDSCHs and single PUCCH

SPS PDSCH / CG PUSCH
Non-continues multi-PUSCH scheduling is supported in Rel-17. There can be cases where a CG PUSCH is transmitted between the first scheduled PUSCH and the last scheduled PUSCH by a single DCI as shown in Figure 2. In this example, when UE transmit the 3rd PUSCH scheduled by the DCI, the HARQ-ACK buffer of HPN #2 will be cleared. If gNB does not correctly decode the CG PUSCH, HARQ retransmission cannot apply. The UL date can only be retransmitted in RLC layer. This case should be clearly avoided. Another example is given in Figure 3, the HARQ buffer of the 3rd scheduled PUSCH will be cleared when the MAC PDU of the CG PUSCH is generated and if gNB does not correctly decode the 3rd scheduled PUSCH, HARQ retransmission cannot apply. However, if the case is avoided by gNB implementation, it will bring scheduling restriction. A simple enhancement could be HARQ process number increment is skipped for those occupied by CG PUSCH.
Proposal 8: If a CG PUSCH is configured to be transmitted between the first scheduled PUSCH and the last scheduled PUSCH by a single DCI scheduling multiple PUSCHs, HARQ process number increment is skipped for the HARQ ID used for the CG PUSCH when determining the HARQ ID of the multiple scheduled PUSCHs.
[image: ]
Figure 2
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Figure 3

	Company views on the issue for (de)activation of SPS (or CG) by using multi-PDSCH (or multi-PUCH) scheduling DCI:
· Option 1: Allow only single SLIV-based (de)activation
· Option 2: Based on the last (valid) SLIV
· Option 3: Based on the first (valid) SLIV


In Rel-15/16, SPS PDSCH and CG PUSCH can be activated by non-fallback DCI. For a DCI capable of scheduling multi-PDSCH/PUSCHs, whether the DCI can activate SPS PDSCH and CG PUSCH, should be discussed. Considering large standard impact for multi-SPS-PDCHs and multi-CG-PUSCHs, e.g. how to determine the configuration index or HARQ index, it is desirable to restrict that gNB can only indicate a row with single SLIV by a DCI, if the DCI activates a single SPS PDSCH or CG PUSCH. 
For SPS PDSCH/CG PUSCH retransmission, RAN1 should decide whether/how to support multi-PDSCH/PUSCH scheduling. If the multi-PDSCH/PUSCH scheduling based SPS PDSCH/CG PUSCH retransmission is supported, HARQ process ID numbering/increments may be impacted because some of HARQ process IDs among all HARQ process IDs are assigned to SPS PDSCH/CG PUSCH configurations. Also, there are no clear use cases to retransmit more than one SPS PDSCH/CG PUSCH by a single DCI considering their periodicities. Hence, it is also desirable to use a row with single SLIV by a DCI for SPS PDSCH/CG PUSCH retransmission.  
Proposal 9: For a DCI capable of scheduling multi-PDSCH/PUSCHs, gNB can only indicate a row with single SLIV for SPS PDSCH/CG PUSCH activation and retransmission.

UCI multiplexing
For a single PUSCH scheduled by a DCI format, UE does not expect the scheduled PUSCH colliding with semi-static DL symbols/SSB. However, for multiple PUSCHs scheduling, colliding with semi-static DL symbols/SSB can happen. The order of checking semi-static DL collision and performing UCI multiplexing will impact the reliability of HARQ-ACK transmission.
For Rel-16 intra UE multiplexing we have the following agreements in RAN1#104e.
	Agreement
To address collision with semi-static DL symbols and SSB, the following easy way is suggested:
· Step1: Perform intra UE prioritization (including multiplexing, overriding) according to related working assumption in 102 e-meeting and produce final PUCCHs/PUSCHs.
· Step 2: Final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols.



If a HARQ-ACK PUCCH overlaps with an invalid PUSCH which has collision with semi-static DL symbols, following Rel-16 multiplexing rules, the HARQ-ACK will be multiplexed in the invalid PUSCH before checking DL collision and MAC layer will generate a MAC PDU for the invalid PUSCH. Then, the HARQ-ACK will be dropped with the invalid PUSCH. When MAC layer generates MAC PDU it will have an associated HARQ ID, however, HARQ process number increment is skipped for the invalid PUSCH. Determining of the HARQ ID for the invalid PUSCH is not defined. A simple solution could be check semi-static DL collision before multiplexing. Dropping HARQ-ACK can be avoided and MAC layer does not need to generate a MAC PDU.
Proposal 10: If a PUCCH overlaps a PUSCH scheduled by a DCI format, UE checks DL collision for the overlapping PUSCH before UCI multiplexing.

Out-of-order Issues
DCI-to-data out-of-order issue
	Agreement:
For two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
· FFS: whether to allow OOO scheduling for the following two cases:
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
· Note: The above FFS aspect applies only to multi-PDSCH and multi-PUSCH scheduling with single DCI



For the first case in the FFS, the motivation of such scheduling is not clear. Optimization for these cases is not needed with one meeting left. Regarding the case of a PDSCH scrambled by SI-RNTI discussed in the last meeting, it is not considered for OOO restriction. There is no HARQ ID for a PDSCH scrambled by SI-RNTI.
Proposal 11: For single PDSCH (or PUSCH) scheduling DCIs and multi-PDSCH (or multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCIs to lead to out-of-order scheduling.
For the 2nd case, it is not a OOO issue and can be separately discussed.

PDSCH-to-HARQ-ACK out-of-order issue

For single PDSCH scheduling, we have the following scheduling restriction for a same HARQ ID in TS 38.214.
	TS 38.214
The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6].



If there is a configured SPS PDSCH reception, the available HARQ ID will be impacted because of the same HARQ ID restriction. Consider the example in Figure 4, if the SPS PDSCH does not overlap with the scheduled PDSCHs, the example in Figure 4 is not allowed. Further, in Rel-16, multiple SPS PDSCH configuration are supported. If there are multiple SPS PDSCH configurations, it will put large scheduling restriction on multi-PDSCH scheduling. Although SPS PDSCH reception can be cancelled by dynamic scheduled PDSCHs, it still brings scheduling restriction which requires the scheduled PDSCH overlapping with SPS PDSCH.
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Figure 4

In addition, for single PDSCH scheduling, we have the following scheduling restriction for OOO issue in TS 38.214.
	TS 38.214
In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.



As shown in Figure 5, if the HARQ-ACK for SPS PDSCH and DG PDSCH are in different slots, OOO restriction is not satisfied.
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Figure 5

Observation 1: SPS PDSCH reception has large scheduling restriction on multi-PDSCH scheduling.
A SPS PDSCH can be cancelled by an overlapping DG PDSCH. To provide more flexibility for scheduling, a simple enhancement could be cancelling the SPS PDSCH which is configured to be received between the scheduling DCI and the last scheduled PDSCH without requiring overlapping with DG PDSCH.
Proposal 12: UE is not expected to receive a SPS PDSCH if the SPS PDSCH is configured to be received between a PDCCH with a DCI scheduling multiple PDSCHs and the last PDSCH scheduled by the DCI.

Definition of valid PDSCH or PUSCHs
In the last RAN1#106 meeting, RAN1 discussed the definition of valid PSCHs or valid PUSCHs and reached the following agreements [2]. 
	Agreement:
For multiple PDSCHs (or PUSCHs) scheduled by a single DCI,
· Rel-15/16 behavior that is described in TS 38.213 Clauses 11 and 11.1 for a PDSCH (or PUSCH) indicated by DCI also applies for multiple PDSCHs (or PUSCHs) schedule by a single DCI.
· If one of multiple PDSCHs (or PUSCHs) scheduled by the DCI collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated),
· If that PUSCH is collided with SSB symbols indicated by ssb-PositionsInBurst [or symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set], the HARQ process number increment is skipped for the PUSCH.
· Otherwise, the HARQ process number increment is not skipped for that PDSCH (or PUSCH).


In RAN#106b-e, it was agreed that HARQ process number increment is skipped for the PUSCH colliding with SSB, in this case, the PUSCH should not be transmitted as well. The previous agreements only covered the case of PUSCH colliding with semi-static DL symbols, further clarification is needed for a PUSCH colliding with SSB. In RAN1#105-e meeting, RAN1 made the agreement that “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.” Similarly, we propose the same scheduling restriction for SSB. 
Proposal 13: 
· 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 SSB
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with SSB symbols indicated by ssb-PositionsInBurst, the UE does not transmit the PUSCH

Scell Dormancy Indication
Scell dormancy indication can be indicated by DCI format 1_1. If the DCI format 1_1 is used for Scell dormancy indication, the DCI format 1_1 does not schedule a PDSCH reception and some of bit fields in the DCI format 1_1 is repurposed for a bitmap to indicate Scell dormancy states. The relevant specification text is copied below:  
	TS38.213 v16.7.0
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if
-	the CRC of DCI format 1_1 is scrambled by a C-RNTI or a MCS-C-RNTI, and if 
-	a one-shot HARQ-ACK request field is not present or has a '0' value, and if
-	the UE detects a DCI format 1_1 on the primary cell that does not include a carrier indicator field, or detects a DCI format 1_1 on the primary cell that includes a carrier indicator field with value equal to 0, and if
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 1, or
-	resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0 or 1
the UE considers the DCI format 1_1 as indicating SCell dormancy, not scheduling a PDSCH reception, and for transport block 1 interprets the sequence of fields of
-	modulation and coding scheme
-	new data indicator
-	redundancy version
and of
-	HARQ process number
-	antenna port(s)
-	DMRS sequence initialization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where
[…]


The repurposed bit fields in the DCI format 1_1 include NDI and RV field. If the DCI format 1_1 is configured with multi-PDSCH scheduling (i.e., at least one row includes more than one SLIVs), then the bit size of NDI field and RV field is determined by which a row is indicated. In other words, if a row with single SLIV is indicated, there are 1-bit NDI field and 2-bit RV field in the DCI format 1_1, but if a row with more than one SLIVs indicated, there are Npdsch,max-bit NDI field and Npdsch,max-bit RV field in the DCI format 1_1, where Npdsch,max denotes the maximum number of SLIVs in a row in TDRA table. 
Proposal 14: Clarify that for Scell dormancy indication, a UE repurposes Npdsch,max-bit NDI and  Npdsch,max-bit RV fields if TDRA indicates multi-PDSCH scheduling or 1-bit NDI and 2-bit RV fields if TDRA indicates single-PDSCH scheduling.
· If Npdsch,max-bit NDI and Npdsch,max-bit RV fields are repurposed, the sequence order for a bitmap is 5-bit MCS, Npdsch,max-bit NDI, Npdsch,max-bit RV, HPN, antenna port(s), and DMRS sequence initialization fields

3.2 HARQ-ACK feedback for Multi-PDSCH scheduling
More than one PUCCH for multi-PDSCH scheduling by a DCI
In previous meeting, RAN1 agreed HARQ-ACK of all PDSCHs scheduled by the DCI is carried by a single PUCCH, and further discuss whether to support HARQ-ACK feedback in different PUCCHs. The motivation of HARQ-ACK on different PUCCHs is to reduce latency of first several PDSCHs, e.g. if one DCI schedules 8 PDSCHs, first 4 PDSCHs are associated with 1st PUCCH and last 4 PDSCHs are associated with 2nd PUCCH, then, HARQ-ACK latency for first 4 PDSCHs would be reduced by 4 slots comparing with transmit HARQ-ACK of all 8 PDSCHs in one PUCCH. Such latency reduction would be beneficial for URLLC. However, for most URLLC cases, it would be sufficient to schedule much less than 8 PDSCHs once, thus the latency by single PUCCH is still acceptable. 
It is noted that multiple PUCCH associated with a single DCI would have large impact on DCI design as well as HARQ-ACK codebook design. First of all, the mechanism to support multiple K1 indication and the association between each K1 and each PDSCH is needed. Secondly, in case of Type-2 codebook, the mechanism to determine DAI for each PUCCH is needed. In case of enhanced Type-2 codebook, the mechanism to determine PDSCH group/NFI in addition to DAI for each PUCCH is needed. And in case of Type-1 codebook, the mechanism to determine PDSCH candidate location for each PUCCH is needed. All these designs should take DL signalling overhead, UCI overhead, scheduling flexibility and potential miss-alignment between gNB and UE into account, which requires huge standard effort. 
Proposal 15: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI carried by different PUCCH(s) is not supported in Rel-17. 

HARQ-ACK time domain bundling
HARQ-ACK time domain bundling was proposed to reduce HARQ-ACK payload size. With large SCS, e.g. 960KHz or 480KHz, the slot duration is much shorter. The channel fading for multiple PDSCHs in adjacent slots would be highly correlated so that the decoding result (ACK or NACK) for the PDSCHs are likely to be the same. Therefore, the performance degradation caused by HARQ-ACK time domain bundling would be acceptable (if the interference in adjacent slot is also highly correlated). 
If HARQ-ACK bundling is supported, a proper bundling mechanism should be carefully studied, with the consideration of PDSCH retransmission efficiency, HARQ-ACK payload size, robustness to miss-detected PDCCH and standard effort. 
To avoid any impact caused by miss-detected PDCCH, HARQ-ACK bundling should be performed within PDSCHs scheduled by a single DCI, i.e. no bundling across multiple PDSCHs scheduled by different DCIs. 
There can be several ways to determine a HARQ-ACK bundling group for PDSCHs scheduled by a single DCI. It seems simple for gNB to configure a number of HARQ-ACK bundling groups (Nb), e.g. Nb=1. However, if a single value Nb applies to any PDSCH time domain resource allocation, the impact of HARQ-ACK bundling would be quite different for each DL assignment. For example, the number of PDSCHs of each row in a TDRA table for a DL BWP can vary from 1 to 8. Always generating 1 bit HARQ-ACK regardless of single or 8 PDSCHs scheduled by a single DCI leads to very unbalance performance for each DL assignment. To achieve similar performance for each DL assignment, it is reasonable to keep the time duration of one HARQ-ACK bundling group (Tb) constant rather than to keep a constant number of HARQ-ACK bundling group (Nb). gNB can configure a proper value of Tb to ensure PDSCHs in a HARQ-ACK bundling group with similar channel fading. It is noted that, semi-statically configured time duration Tb per HARQ-ACK bundling group is not equivalent to semi-statically configured number of PDSCHs per HARQ-ACK bundling group (Npb), because the number of PDSCHs (Npb) within Tb would be different for different time domain resource allocation, e.g. gNB can configure a TDRA row with 8 PDSCHs in consecutive slots and configure another TDRA row with PDSCHs in non-consecutive slots. 
If HARQ-ACK bundling is configured, only valid PDSCHs should be considered. UE will always generate a NACK for a PDSCH which has collision with semi-static UL symbols, bundling NACK with other ACK/NACK will always result in a NACK. All the candidate solutions for HARQ-ACK bundling should exclude invalid PDSCHs.
HARQ-ACK bundling can largely reduce the payload for Type-2 HARQ-ACK codebook, also the solution is simple and clear. For Type-1 HARQ-ACK codebook, in the previous discussion, there are quite a few candidate solutions with comparable gain. It will not easy to come to a consensus for Type-1 HARQ-ACK codebook. The discussion for Type-2 HARQ-ACK codebook should be prioritized.
Proposal 16: If HARQ-ACK bundling is supported, bundling is performed within valid PDSCHs scheduled by a single DCI. Down-select one of the following alternatives:
· Alt a: gNB configures a number of HARQ-ACK bundling groups (Nb) per DCI
· Alt b: gNB configures a number of valid PDSCHs per HARQ-ACK bundling groups (Npb)
· Alt c: gNB configures time duration of one HARQ-ACK bundling group (Tb).
· Prioritize HARQ-ACK bundling for Type-2 HARQ-ACK codebook.

Type-2/Enhanced Type-2 HARQ-ACK codebook 
FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases

Some companies proposed to also include 2-PDSCHs scheduled by single DCI into 1st sub-codebook, when certain conditions are met. The conditions include,
-  At least one serving cell is configured with 2 TB transmission
-  Spatial bundling is not used 
-  2 TB is not configured for multi-PDSCH scheduling (but 2 TB is configured for single-PDSCH scheduling. Note that whether to support separate enable/disable of 2 TB transmission is still under discussion)
On one hand, including 2-PDSCHs scheduled by single DCI into 1st sub-codebook can reduce unnecessary redundancy bits. On the other hand, it complicates the sub-codebook determination by adding several conditions in addition to single/multi-PDSCH scheduling. Considering such optimization is only beneficial for very limited case, it is desirable to keep 2-PDSCHs in 2nd sub-codebook for simplicity. 
Observation 2: Including HARQ-ACK bits for 2 PDSCHs scheduled by a DCI in the first HARQ-ACK sub-codebook complicates the specification with marginal gain.

Type-2/Enhanced Type-2 HARQ-ACK codebook with time domain bundling 
In the last RAN1#106b-e meeting, RAN1 discussed the case where CBG operation and multi-PDSCH scheduling are configured at the same time, and made an working assumption that the case treated as an error case [2].
	Working assumption:
UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group with a Type 2 codebook. 
· If time bundling operation is supported, this working assumption can be revisited


[bookmark: _GoBack]The remaining issue is that whether to allow multiplexing 1-bit bundled HARQ-ACK information for multi-PDSCHs by a DCI with the first sub-codebook. Actually, this is an issue independent to CBG operation. That is, even if the CBG operation is not configured, RAN1 should make a solution to generate type-2 HARQ-ACK codebook for 1-bit bundled HARQ-ACK bits. If two sub-codebooks (one for single PDSCH scheduling and another for multi-PDSCH scheduling with time-domain bundling) are used, the type-2 HARQ-ACK CB is vulnerable to PDCCH miss-detection. Also, for UCI multiplexing of two sub-codebooks, the DCI format scheduling PUSCH transmission should have two separate tDAI fields, which increases DCI size. Simply putting the 1-bit bundled HARQ-ACK information for multi-PDSCHs by a DCI in the first sub-codebook can address these drawbacks and further specification works are marginal. 
Proposal 17: Support to multiplex bundled HARQ-ACK bit for multi-PDSCHs by a DCI with the first sub-codebook
· This is applicable to the case where CBG operation is configured or not

C-DAI/T-DAI counting order
In RAN1-105e, the following agreement is endorsed:
	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


This FFS is targeted for the situation when UE supports type2-HARQ-ACK-Codebook capability (FG 18-9: Type2 HARQ-ACK codebook for>1 unicast DL DCIs in same Monitoring Occasions) in cross-slot scheduling, how to count the PDSCHs when two DCIs belongs to the same MOs. Note that this FFS is under Alt 2 in the agreement and Alt 1 is adopted in the last RAN1 meeting but the DCI counting order can be an issue in Alt 1 as well.
In Rel-16, when two PDSCHs scheduled by two DCIs from the same MO, the counting order is determined by the PDSCH reception starting time. Now consider the case when DCI can schedule multiple PDSCHs, it is possible that PDSCHs scheduled by different DCIs same MO are interlaced in time domain, as shown in Figure 7. To be specific, the first PDSCH scheduled by DCI2 (PDSCH3) comes between 2 PDSCH scheduled by DCI1. If we follow the Rel-16 rule, the PDSCH3 should be counted after PDSCH1 but before PDSCH2. It is unclear how c-DAI/t-DAI in DCI1 and DCI2 are indicated. One solution is to divide PDSCH into sets by the scheduling DCIs. The PDSCHs in each set are counted separately. And the order between different set of PDSCHs are determined by the reception time of the first PDSCH in each set. By this rule, the counting order for the PDSCHs in Figure 7 is {PDSCH1, PDSCH2, PDSCH3, PDSCH4}. 


Figure 7 DCIs in same MO both scheduling multiple PDSCHs, PDSCHs interlaced

Proposal 18: when a UE supports UE capability type2-HARQ-ACK-Codebook (FG 18-9), and there are >1 DCIs belonging to the same MOs and scheduling PDSCHs to the same serving cell. And these DCIs are configured to be able to schedule multiple PDSCHs. The counting procedure for the PDSCHs scheduled by these DCIs are:
· PDSCHs are separated into different sets and each set of PDSCHs are scheduled by the same DCI. PDSCHs are counted separately for different sets. 
· The counting order between different sets of PDSCHs are based on the reception time of the first PDSCH in each set.

Type-1 HARQ-ACK codebook
The remaining issue is whether/how to support time domain bundling for type-1 HARQ-ACK codebook. Basically, the type-1 HARQ-ACK codebook construction rule depends on the set of SLIVs in each DL slot and HARQ-ACK bit(s) for a single SLIV is/are generated if the SLIV is valid. Here, a SLIV is regarded as a valid SLIV if the SLIV does not overlap with a semi-static UL symbol. The main issue to support time domain bundling for type-1 HARQ-ACK codebook is to determine whether a set of SLIVs are valid or not, rather than a single SLIV. 
Since different bundling mechanism (e.g. Alt a, b, or c as discussed above) may lead to different optimized codebook construction, the discussion can be postponed until RAN1 makes the decision for HARQ-ACK bundling mechanism. 
Proposal 19: Postpone the discussion on whether/how to support time domain bundling for type-1 HARQ-ACK codebook until RAN1 makes the decision for the HARQ-ACK bundling mechanism.

HARQ-ACK bit ordering
In the last RAN1#106 meeting, RAN1 made an agreements on HARQ-ACK bits for invalid PDSCHs [2].
	Agreement:
For a PDSCH that is scheduled by multi-PDSCH scheduling DCI and is skipped due to collision with semi-static UL symbol(s),
· For Type-1 HARQ-ACK codebook generation, the PDSCH is not considered and the HARQ-ACK bit corresponding to the PDSCH is not reported by UE.
· Note: Rel-16 procedure can be reused to handle this case.
· For Type-2 HARQ-ACK codebook generation, UE reports NACK for the PDSCH.
· FFS on HARQ-ACK bit ordering
· Note: Codebook generation in case time domain bundling is enabled can be separately discussed if time domain bundling is supported.


The remaining issue is the HARQ-ACK bit ordering for PDSCHs scheduled by a single DCI. There can be two candidate options.
· Option 1: The HARQ-ACK bits are ordered according to the order of PDSCH SLIVs indicated by a DCI.
· Option 2: The HARQ-ACK bits are ordered according to the time order of valid PDSCHs scheduled by a DCI.
Both options can work. Option 2 can be beneficial for UCI payload if the HARQ-ACK bits is determined by the valid PDSCHs scheduled by a single DCI. Note that if a SLIV overlaps with semi-static UL symbols, the SLIV is invalid. Also, Option 2 is more aligned with HARQ-ACK time domain bundling. Option 2 is slightly preferred. 
Proposal 20: The HARQ-ACK bits are ordered according to the time order of valid PDSCHs scheduled by a DCI.

4 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: SPS PDSCH reception has large scheduling restriction on multi-PDSCH scheduling.
Observation 2: Including HARQ-ACK bits for 2 PDSCHs scheduled by a DCI in the first HARQ-ACK sub-codebook complicates the specification with marginal gain.
Proposal 1: Support Option 2 for default K1 value in DCI format 1_0.
Proposal 2: Support that the following parameters are scaled by 4 or 8 for 480kHz or 960kHz, respectively.
· HARQ-ACK information in response to a SPS PDSCH release, N in 38.213 Section 10.2
· HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy, N in 38.213 Section 10.3
· Determination of the resource allocation table to be used for PUSCH, Δ in 38.214 Section 6.1.2.1.1
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, Npdsch in 38.214 Section 5.5
· Application delay of the minimum scheduling offset restriction, Zµ in 38.214 Section 5.3.1
Proposal 3: Do not introduce additional scaling for d1,1 and d2 (to derive Tproc,1 in PDSCH processing time) and d2,1 and d2 (to derive Tproc,2 in PUSCH preparation time) for 480kHz and 960kHz.
Proposal 4: For multiple PUSCHs in in FR2-2, support DMRS bundling across the multiple PUSCHs introduced in Rel-17 Coverage enhancement WI.
Proposal 5: If two codeword transmission is supported and enabled for FR2-2, the maximum configured number of PDSCHs in a row of TDRA table in a DCI format scheduling multi-PDSCH is limited to 2.
Proposal 6: For multi-PUSCH scheduling DCI: 
· CBG: 
· Not support CBG-based transmission for single and multi-PUSCH scheduling for 480/960 KHz.
· Not support CBG-based transmission for multi-PUSCH scheduling for 120KHz, but applicable for single-PUSCH scheduling for 120KHz.
· Frequency hopping: Support intra-PUSCH hopping
· FDRA: Support increased RBG size using the same mechanism introduced in Rel-16 URLLC
Proposal 7: For multi-PDSCH scheduling, the bit field common for DL and UL grant use the same design as multi-PUSCH scheduling, and at least following DL-specific bit field should be specified,
· CBG-based transmission is not applicable to single and multi-PDSCH scheduling
· HARQ-ACK relevant bit field is applicable to all PDSCHs and single PUCCH
Proposal 8: If a CG PUSCH is configured to be transmitted between the first scheduled PUSCH and the last scheduled PUSCH by a single DCI scheduling multiple PUSCHs, HARQ process number increment is skipped for the HARQ ID used for the CG PUSCH when determining the HARQ ID of the multiple scheduled PUSCHs.
Proposal 9: For a DCI capable of scheduling multi-PDSCH/PUSCHs, gNB can only indicate a row with single SLIV for SPS PDSCH/CG PUSCH activation and retransmission.
Proposal 10: If a PUCCH overlaps a PUSCH scheduled by a DCI format, UE checks DL collision for the overlapping PUSCH before UCI multiplexing.
Proposal 11: For single PDSCH (or PUSCH) scheduling DCIs and multi-PDSCH (or multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCIs to lead to out-of-order scheduling.
Proposal 12: UE is not expected to receive a SPS PDSCH if the SPS PDSCH is configured to be received between a PDCCH with a DCI scheduling multiple PDSCHs and the last PDSCH scheduled by the DCI.
Proposal 13: 
· 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 SSB
· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with SSB symbols indicated by ssb-PositionsInBurst, the UE does not transmit the PUSCH
Proposal 14: Clarify that for Scell dormancy indication, a UE repurposes Npdsch,max-bit NDI and  Npdsch,max-bit RV fields if TDRA indicates multi-PDSCH scheduling or 1-bit NDI and 2-bit RV fields if TDRA indicates single-PDSCH scheduling.
· If Npdsch,max-bit NDI and Npdsch,max-bit RV fields are repurposed, the sequence order for a bitmap is 5-bit MCS, Npdsch,max-bit NDI, Npdsch,max-bit RV, HPN, antenna port(s), and DMRS sequence initialization fields
Proposal 15: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI carried by different PUCCH(s) is not supported in Rel-17. 
Proposal 16: If HARQ-ACK bundling is supported, bundling is performed within valid PDSCHs scheduled by a single DCI. Down-select one of the following alternatives:
· Alt a: gNB configures a number of HARQ-ACK bundling groups (Nb) per DCI
· Alt b: gNB configures a number of valid PDSCHs per HARQ-ACK bundling groups (Npb)
· Alt c: gNB configures time duration of one HARQ-ACK bundling group (Tb).
· Prioritize HARQ-ACK bundling for Type-2 HARQ-ACK codebook.
Proposal 17: Support to multiplex bundled HARQ-ACK bit for multi-PDSCHs by a DCI with the first sub-codebook
· This is applicable to the case where CBG operation is configured or not
Proposal 18: when a UE supports UE capability type2-HARQ-ACK-Codebook (FG 18-9), and there are >1 DCIs belonging to the same MOs and scheduling PDSCHs to the same serving cell. And these DCIs are configured to be able to schedule multiple PDSCHs. The counting procedure for the PDSCHs scheduled by these DCIs are:
· PDSCHs are separated into different sets and each set of PDSCHs are scheduled by the same DCI. PDSCHs are counted separately for different sets. 
· The counting order between different sets of PDSCHs are based on the reception time of the first PDSCH in each set.
Proposal 19: Postpone the discussion on whether/how to support time domain bundling for type-1 HARQ-ACK codebook until RAN1 makes the decision for the HARQ-ACK bundling mechanism.
Proposal 20: The HARQ-ACK bits are ordered according to the time order of valid PDSCHs scheduled by a DCI.
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