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1. Introduction
The work item on supporting NR from 52.6 GHz to 71 GHz was updated and approved in RAN 90 meeting [1], and objects of WI are listed as in the following.
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120 KHz SCS, specify new SCS, 480 KHz and 960 KHz, 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 480 KHz to 960 KHz
· Time line related aspects adapted to 480 KHz and 960 KHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120 KHz SCS for SSB and 120 KHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240 KHz, 480 KHz, 960 KHz) for SSB, and additional SCS(480 KHz, 960 KHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480 KHz, 960 KHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480 KHz and/or 960 KHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· 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
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120 KHz SCS, 480 KHz SCS and/or 960 KHz SCS, as well as DMRS enhancement for 480 KHz SCS and/or 960 KHz SCS.


In this document, the remaining issues on PDSCH/PUSCH enhancements for up to 71GHz operation are discussed, which include activation of SPS PDSCH/CG PUSCH, some clarifications about scheduled PUSCH/PDSCH and 2 TB disabling/enabling related issues .
2. Discussion on remain issues on PDSCH/PUSCH enhancements 
Issue 1) Activation of DL SPS (or UL CG) by using multi-PDSCHs (or multi-PUSCHs) scheduling DCI

	Agreement:
For generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs,
HARQ-ACK bit corresponding to SPS PDSCH release or SCell dormancy indication without scheduled PDSCH, belongs to the first sub-codebook (which is defined in the previous agreement made in RAN1#105-e)



It was agreed that  both SPS PDSCH release and SCell dormancy indication without scheduled PDSCH can be regarded as single  SLIV-based scheduling, and corresponding HARQ-ACK feedback is constructed  as the first sub-codebook. According to R15/R16 rule, UE does not read TDRA table to transmit HARQ-ACK feedback corresponding to SPS PDSCH release and SCell dormancy indication without scheduled PDSCH, because  the reference slot n of  PDSCH ending for computing PUCCH timing refers to  PDCCH reception ending slot, and SLIV is same as corresponding SPS PDSCH reception for type-1 HARQ-ACK code book generation.

For activation of DL SPS (or UL CG) using multi-PDSCHs (or multi-PUSCHs) scheduling DCI, the definition of scheduled SLIV was discussed using the following three options: 
· Option 1: Allow only single SLIV-based activation
· Option 2: Based on the last (valid) SLIV
· Option 3: Based on the first (valid) SLIV
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]Option 1 requires that at least one single SLIV item is configured in TDRA parameter and only the single SLIV entry can be indicated for SPS activation. In the other words, if all entries are multi-SLIV(s) in TDRA configuration, SPS PDSCH activation is not allowed to be triggered by DCI format 1_1, therefore only DCI format 1_0 can be used to activate the SPS PDSCH.  This means option 1 is too restrictive for TDRA configuration and SPS PDSCH activation signal transmission. 
For both option 2 and option 3, each entry can be used for performing SPS PDSCH activation;, these two options make TDRA configuration and scheduling more flexible. Considering simple implementation, option 3 is preferred slightly. For example, the HARQ process number ID indicated in DCI can be used directly and there is no increased operation according to the number of PDSCH scheduled.  So it is proposed that multiple SLIV(s) in TDRA can indicated for SPS (CG) activation, and the first (valid) SLIV is used to compute PDSCH time domain allocation and slot number of PUCCH carrying HARQ-ACK. For UL CG activation, option 3 is also preferred for the same reasons of as DL SPS.
Proposal 1: When Activation of DL SPS is indicated by DCI format 1_1, if the time domain resource assignment indicates a multiple SLIV(s) entry, the first (valid) SLIV is used to compute PDSCH time domain resource allocation and slot of PUCCH carrying HARQ-ACK.
Proposal 2: Wwhen Activation of UL CG is indicated by DCI format 0_1, if the time domain resource assignment indicates a multiple SLIV(s) entry, the first (valid) SLIV is used to compute PUSCH time domain resource allocation.

Issue 2) Collision between SPS PDSCH/CG PDSCH and DG PDSCH/PUSCH
For both single SLIV and multi-SLIVs scheduling, there are two issues on collisions between SPS PDSCH/CG PUSCH and DG PDSCH/PUSCH., tThe example of SPS PDSCH is described as following:
· HPN  conflicting  issue
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]For multi-PDSCHs scheduling, the HARQ process IDs for different PDSCHs is consecutive. The HPN of the first PDSCH is indicated by the DCI, and the HARQ process ID is then incremented by 1 for each subsequent PDSCH. For SPS PDSCH transmission, some semi-static HPN(s) are assigned by RRC., tThese HPN(s) can be used by initial transmission of PDSCH scheduled by active DCI with CS-RNTI scrambling or by SPS PDSCH without PDCCH. And the semi-static HPN(s) also can be used by SPS PDSCH re-transmission scheduled by DCI with CS-RNTI scrambling. The HARQ process IDs for SPS are not expected to be interrupted by dynamic multiple PDSCHs scheduling, especially when there are enough HARQ process IDs for dynamic scheduling, because data buffers will be flushed  by new data if two data buffers use the same HPN. The action of buffer flushing will caused unnecessary re-transmission.
For uplink transmission, the problem is more seriously, since the retransmission mechanism cannot be used in HARQ process once if the transmission buffer of uplink is flushed, and the re-transmission only depends on AM-RLC mechanism.
It is noted that there is no timeline issue for to deal with the HPN collision between SPS PDSCH/CG PUSCH and DG PDSCH/PUSCH in R15/R16.
Proposal 3: At least for PUSCH transmission, for special HARQ process ID(s) that are assigned to GC PUSCH by RRC, UE shall skip these HARQ process IDs if the dynamic scheduling signaling indicates the same ID(s). 

· Time/ frequency resource overlapping  issue
In R15/R16, DG (dynamic scheduling) PDSCH/PUSCH can pre-empt the time/frequency domain resource of SPS PDSCH/ CG PUSCH if the timeline condition defined is met. For DG PDSCH scheduling, the dynamic scheduling shall be at least 14 symbols earlier than SPS PDSCH. For CG PUSCH scheduling, the dynamic scheduling shall be at least N2 symbols earlier than CG PUSCH. The text is copied as follows:
	Text in TS 38.214 section 5.1
The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where the symbol duration is based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH


For operation in SCS=480/960 kHz, timeline of threshold 14 symbol is not enough for UE to decode the PDCCH and cancel SPS PDSCH reception. In fact, for simple operation, the timeliness threshold can be extended to  ,  for SCS=480 kHz, and for SCS=960 kHz.
For operation in SCS=480/960 kHz, the timeline of threshold N2 can work well since this value is  re-defined according to different SCS(s) and can match to requirement of UE process capability.
Proposal 4：For case of time/ frequency resource overlapping between SPS PDSCH/CG PUSCH and DG PDSCH/PUSCH, R15/R16 mechanism can be reused to determine which PDSCH/PUSCH is expected to be received. For PDSCH reception, the timeliness of threshold can be extended to.

Issue 3) Clarification on whether “scheduled PXSCH” in previous agreements implies valid PXSCH or not:
	Agreement: (RAN1#104-bis)
For a DCI that can schedule multiple PDSCHs,
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
Conclusion: (RAN1#105-e)
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: (RAN1#105-e)
· 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.
Agreement: (RAN1#106bis-e)
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.



Based on the above agreement, the UE/gNB will perform different behaviors according to the number of PDSCH/PUSCH scheduled. To align the understanding between the gNB and UE, the following clarifications were raised in the last meeting:

1) For NDI/RV, are NDI/RV fields for invalid PXSCHs present in multi-PXSCH scheduling DCI?
2) For RV field, is the bit-width between 1 bit and 2 bits determined based on the number of configured SLIVs or valid SLIVs?
3) For CSI-request, is the number M determined based on the number of configured SLIVs or valid SLIVs?
4) For CBGTI field, is the presence of CBGTI field determined based on the number of configured SLIVs or valid SLIVs?
5) For out-of-order scheduling, is the rule for OOO scheduling determined based on configured SLIVs or valid SLIVs?
For issue 1,， theoretically, the NDI/RV fields for invalid PXSCHs should not be present in DCI, but the benefit in this case is not clear , since it cannot make total DCI size smaller due to the fact that  DCI size shall keep constant for UE performs PDCCH detecting . The possible benefit is re-defining the purpose of NDI/RV bits designed for invalid PXSCHs. If this optimization is allowed, it may cause more discussion on this issue. Considering the current phase is maintenance and there is limited time for meeting discussion, we suggest that NDI/RV fields for both valid and invalid PXSCHs are present in multi-PXSCH scheduling DCI. 
Proposal 5: NDI/RV fields for both valid and invalid PXSCHs are present in multi-PXSCH scheduling DCI. 

For Issue 2, ，as in the agreement for multi-PDSCHs scheduling ,  if only one PDSCH is scheduled , bit width of RV is 2bits, and if more than one PDSCHs are scheduled, bit width of RV is 1 bit for each PDSCH scheduled .  If the bit-width of RV between 1 bit and 2 bits is determined based on the valid SLIVs, the opportunity that using 2 bits indicate RV may increase, and potential soft combining gain can be achieved. But this will cause more complexity on both on UE and gNB side.
For issue 3, the aperiodic CSI feedback will be carried on the M-th PUSCH scheduled, the M is computed according to number of PUSCHs scheduled. If the number is determined based on configured SLIVs, the M-th PUSCH scheduled may be dropped when the PUSCH is overlapping with downlink symbols. This will cause the problem that the aperiodic CSI feedback cannot be transmitted to the gNB. In our view, this problem can be resolved by gNB implementation and no optimize by specification is needed.  
For issue 4, when CBG-based (re)transmission is configured for single PUSCH scheduling, UE shall interpret the bit fields of DCI as different based on number of scheduled PUSCH. If the number of scheduled PUSCH(s) is based on valid SLIVs, more CPUs resources will be needed since UE needs to consider more factors (e.g.  sSlot format information, overlapping with CG PUSCH). All these will impact the capability of PDCCH detection.
For issue 5, for our understanding, the purpose of specification to define OOO scenario is that gNB shall avoid OOO case when gNB schedules one or more PDSCHs. For multi- PDSCHs/PUSCHs scheduling, when UE receives scheduling signals, UE assumes that OOO case rarely happens or does not occur at all. So it is reasonable that the rule for OOO scheduling is determined based on valid SLIVs.

Proposal 6: For out-of-order scheduling, the rule for OOO case is determined based on valid SLIV(s)

Issue 4) TB-disabling mechanism:
	Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is also 8 when 2 TB is enabled or when 2 TB is scheduled, for SCS of 120, 480 and 960 kHz.


It was agreed that 2 TB can be enabled/scheduled by multiple PDSCH scheduling. In Rel-15 NR, one of two TBs can be disabled when  both MCS=26 and  RV index=1 are satisfied . For TB disabling on multiple PDSCH scheduling, the following two potential alternatives are listed:
· Alt 1(all PDSCHs based disable/enable ):
 For the M bits for indicating RV information for a given TB in a DCI format scheduling more than one PDSCH, a predefined value vector can be used to indicate the given TB is disabled for all PDSCHs scheduled by the DCI format, e.g. assuming M = 8, the 8-bit RV corresponding to a TB in the DCI format can be set to ‘11111111’ to indicate the TB is disabled for all PDSCHs scheduled by the DCI format.
· Alt 2 (per-PDSCH based  disable/enable)): 
For each PDSCH scheduled by a DCI format scheduling more than one PDSCH, a given TB can be disabled individually, i.e. a 1-bit RV for the given TB and for a PDSCH scheduled by the DCI format can be set to a predefined value, e.g. ‘1’, to indicate the given TB of the PDSCH is disabled.
Alt 1 means all PDSCHs based disable/enable; this scheme is simple for UE implementation. It is suitable for the case of slow varying channel during multi -PDSCH(s) transmission. For example, if up to 8 PDSCHs are scheduled on consecutive 8 slots of SCS 960 kHz, the PDSCH(s) duration are 0.125ms. Therefore it can be assumed that the channel condition is similar and those PDSCHs can get same CRC result (e.g. all PDSCHs are correct or wrong after decoding).
In R15/R16, the bit-width of RV field is 2bits, gNB can schedule flexibly for PDSCH retransmission even if MCS=26. For multi-PDSCH scheduling, the bit-width of RV field may be 1 bit, and for a PDSCH retransmission, only RV=0 can be used if MCS is 26. It is too restrictive for gNB scheduling.  To improve flexibility of scheduling for multi-PDSCH, following two schemes can be considered.
· Scheme 1
Only all M of RV bit(s) are set to 1 (e.g. 11111111) represents the TB disabling, even the number of scheduled PDSCH is less than M. The M is the maximum number of PDSCHs can be scheduled configured by TDRA parameter.
For example, suppose  that M is equal to 8， and only 6 PDSCHs are scheduled  by a DCI. Bit fields of multi –PDSCH scheduling indicate that TB1 is disable and TB2 is enable as following 
	For transport block 1 (disable): 
-	Modulation and coding scheme = MCS 26
-   Redundancy version  = 11111111                  
For transport block2 (enable): 
-	Modulation and coding scheme = MCS 26
-  Redundancy version = 11111100



· Scheme 2
If M PDSCH(s) are scheduled, two TBs are allowed to be set as MCS=26 and RV=all “1”. M is maximum number of PDSCHs can be scheduled configured by TDRA parameter. For this case, UE can assume that only TB1 is disabled. For example, assuming  that M is equal to 8， and 8 PDSCHs are scheduled  by DCI. Bit fields of multi –PDSCHs scheduling indicate that TB1 is disable and TB2 is enable as following 
 
	For transport block 1(disable): 
-	Modulation and coding scheme = MCS 26
-   Redundancy version  = 11111111
For transport block2 (enable):
-	Modulation and coding scheme = MCS 26
-   Redundancy version = 11111111



Scheme 2 is based on mechanism of per-PDSCH scheduled disabling/enabling, this scheme is involve slightly more complexity but it has the flexibility to match for rapid channel varying scenario.  For example, if up to 8 PDSCHs are scheduled for SCS 480 kHz, the max gap between first PDSCH and last PDSCH can be up to 128 slots, and the time duration of PDSCH transmission will be 8ms. For this case, different PDSCHs have different TB result of decoding. We assume that two PDSCHs are scheduled and two TBs are enabled for the first transmission. For PDSCH-1, TB-1 is not correct and TB-2 is correct after decoding. For PDSCH-2, TB-2 is not correct and TB-1 is correct after decoding. For this case, it is easy for gNB to perform re-transmission by scheme 2.

Proposal 7: Both All-PDSCHs based and per-PDSCH based TB disable/enable mechanisms are supported, it depends on gNB configuration.
Proposal 8: For the scheme 1 on TB disable, to enable flexible gNB scheduling, the following points can be considered: 
· Only all M of RV bit(s) are set to 1 (e.g. 11111111) represent the TB disable, even if the number of scheduled PDSCH is less than M.  M is maximum number of PDSCHs can be scheduled  configured by TDRA parameter.
· If M PDSCH(s) are scheduled, and two TBs are set as MCS=26/RV=all “1”, UE assume that only TB1 is disabled. M is maximum number of PDSCHs can be scheduled configured by TDRA parameter.
3. Conclusion 
This contribution discussed the remaining issues on PDSCH/PUSCH enhancements for up to 71GHz operation which include activation SPS PDSCH/CG PUSCH, some clarifications and 2 TB disabling/enabling. And the following proposals are given

Proposal 1: When Activation of DL SPS is indicated by DCI format 1_1, if the time domain resource assignment indicates a multiple SLIV(s) entry, the first (valid) SLIV is used to compute PDSCH time domain resource allocation and slot of PUCCH carrying HARQ-ACK.

Proposal 2: when Activation of UL CG is indicated by DCI format 0_1, if the time domain resource assignment indicates a multiple SLIV(s) entry, the first (valid) SLIV is used to compute PUSCH time domain resource allocation.

Proposal 3: At least for PUSCH transmission, for special HARQ process ID(s) that are assigned to GC PUSCH by RRC, UE shall skip these HARQ process IDs if the dynamic scheduling signaling indicate the same ID(s). 

Proposal 4：For case of time/ frequency resource overlapping between SPS PDSCH/CG PUSCH and DG PDSCH/PUSCH, R15/R16 mechanism can be reused to determine which PDSCH/PUSCH is expected to be received. For PDSCH reception, the timeliness of threshold can be extended to.

Proposal 5: NDI/RV fields for both valid and invalid PXSCHs are present in multi-PXSCH scheduling DCI.

Proposal 6: For out-of-order scheduling, the rule for OOO case is determined based on valid SLIV(s)

Proposal 7: Both All-PDSCHs based and per-PDSCH based TB disable/enable mechanisms are supported, it depends on gNB configuration.

Proposal 8: For the scheme 1 on TB disable, to enable flexible gNB scheduling, the following points can be considered: 
· Only all M of RV bit(s) are set to 1 (e.g. 11111111) represent the TB disable, even if the number of scheduled PDSCH is less than M.  M is maximum number of PDSCHs can be scheduled configured by TDRA parameter.
· If M PDSCH(s) are scheduled, and two TBs are set as MCS=26/RV=all “1”, UE assume that only TB1 is disabled. M is maximum number of PDSCHs can be scheduled configured by TDRA parameter.
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