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1. Introduction
Based on the revised WID approved at the RAN#90-e meeting [1], RAN1 discussed and made some agreements on PDSCH/PUSCH enhancements for supporting NR from 52.6 – 71 GHz at RAN1#104-e. In this contribution, we discuss on PDSCH/PUSCH enhancements for NR from 52.6 – 71 GHz, including:
· Scheduling/HARQ

2. Scheduling/HARQ
2.1. Multi-PDSCH/PUSCH scheduling
Here we discuss some remaining aspects for multi-PDSCH/PUSCH scheduling by single DCI.

For a DCI that can schedule multiple PUSCHs, following aspects need further discussion:
· CBGTI: CBG based scheduling is not supported in Rel-16 multi-PUSCH design when multiple PUSCHs are scheduled by one DCI. There is no strong motivation to have different design from the previous situation. Moreover, supporting CBG based scheduling for multiple PUSCHs will cause significant DCI overhead issue, assuming the CBG field needs to be reserved for the maximum number of PUSCHs that can be scheduled by one DCI. Therefore, CBG based scheduling should not be supported when multiple PUSCHs are scheduled in 52.6 – 71 GHz.
· Frequency hopping: PUSCH frequency hopping should be supported similar to single PUSCH scheduling in Rel-15/16 NR since interlaced resource allocation is not applied in 52.6 -71 GHz. We can reuse existing frequency hopping scheme (i.e., intra-slot PUSCH frequency hopping).

For a DCI that can schedule multiple PDSCHs, following DCI fields need further discussion:
· CBGTI/CBGFI: Similar to multi-PUSCH scheduling case, CBG based scheduling should not be supported when multiple PDSCHs are scheduled by one DCI in 52.6 – 71 GHz.
· Support of two-TB transmission: If two-TB transmission is enabled when multiple PDSCHs are scheduled, MCS for the 2nd TB needs to be signalled once, and NDI/RV for the 2nd TB needs to be signalled for the 2nd TB for each PDSCH.. Considering maximum 8 PDSCHs can be scheduled by one DCI, at least 21 bits will be increased compared to the case of single TB transmission only. Therefore, in order to reduce DCI payload, we support to limit the number of PDSCHs with 2-TB scheduling for multiple PDSCH case, which will not increase DCI payload compared to single TB scheduling case. For example, if 2-TB scheduling is possible only when no more than 4 PDSCHs are scheduled, it will not cause any additional DCI bits for 2-TB scheduling than 1-TB scheduling with following analysis.
· 8 NDI bits are reserved for a DCI format assuming maximum 8 PDSCHs can be scheduled
· If the number of SLIVs for the indicated TDRA row index is larger than 4 (e.g. 6), UE will understand that there is only 1-TB scheduling. UE will interpretate the 8 bits as NDI for 1st TB.
· If the number of SLIVs for the indicated TDRA row index is no larger than 4 (e.g. 4), if 2-TB is enabled, UE will understand that it is 2-TB scheduling. UE will interpretate the first 4 NDI bits as NDI for 1st TB, and interpretate the last 4 NDI bits for 2nd TB.

Proposal 1: 
· For multi-PUSCH scheduled by single DCI,
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· Support frequency hopping for multi-PUSCH scheduling, by reusing existing PUSCH frequency hopping scheme, i.e. intra-slot PUSCH frequency hopping.
· For multi-PDSCH scheduled by single DCI,
· CBG based scheduling is not supported when multiple PDSCHs are scheduled by one DCI.
· For two-TB scheduling, support limitation on the maximum number of PDSCHs when 2-TB is scheduled. When RRC parameter enables two TB scheduling, 
· If the number of scheduled PDSCHs is no larger than value X (X>1), two TBs can be scheduled for each PDSCH.
· If the number of scheduled PDSCHs is larger than value X (X>1), only single TB can be scheduled for each PDSCH.

For out-of-order scheduling, following agreements were made at RAN1#106bis-e and there are some remaining issues.

	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 FFS case 1, considering OoO scheduling is not allowed for the case of two single-PDSCH scheduling DCIs, and the case of two multi-PDSCH scheduling DCIs, we see no motivation to allow OoO scheduling for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI. 
For FFS case 2, it is also considered as OoO scheduling at least between a certain combination of PDSCHs (or PUSCHs) scheduled by different DCIs. Thus the reason to not support OoO scheduling in Rel-16 would also be valid even for this case. As no strong motivation for such scheduling is identified, and given that the limited time is available for Rel-17 completion, it’s better to define the case as OoO scheduling, and it should not allowed.

Proposal 2: The following two cases are OoO scheduling, and should not be allowed:
· 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).
· 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.

Another point, which needs to be discussed/clarified, is UE behavior considering PDSCH/PUSCH cancellation due to UL/DL collision.
If multiple PUSCHs are scheduled by single DCI, and there is at least one PUSCH collides with semi-static DL symbol, and/or symbol configured for SSB or CORESET#0 reception, 
· Whether the cancelled PUSCH(s) due to DL collision will be accounted for OoO scheduling limitation?
· As agreed in RAN1#106bis-e and discussion above, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling (while a few FFSs remain). However, it should be clarified whether the limitation is based on scheduled PUSCHs or valid PUSCHs. As in the following example, the last PUSCH scheduled by DCI#1 and the first PUSCH scheduled by DCI#2 are cancelled due to collision with semi-static DL symbol. Considering the cancelled PUSCHs will not be transmitted by UE, to allow the case will not cause any problem but can provide more flexibility. Therefore, it is proposed that OoO scheduling limitation is based on valid PUSCHs.
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Fig 1: OoO scheduling consideration for multi-PDSCH scheduling 

· Whether the cancelled PUSCH(s) due to DL collision will be accounted for CBGTI field presence determination?
· As agreed at RAN1#105-e meeting, at least for 120kHz SCS, 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. It needs to be clarified whether CBGTI field is present or not when multiple PUSCHs are scheduled but only one PUSCH is valid. Since gNB and UE has common understanding on PUSCH cancellation due to collision with semi-static DL symbol or SSB/CORESET#0 symbol, CBGTI field presence determination based on valid PUSCHs will not cause any problem, while more flexibility can be provided. Therefore, it is proposed that CBGTI field is present in DCI for the case when multiple PUSCHs are scheduled but only one PUSCH is valid.
· Whether the cancelled PUSCH(s) due to DL collision will be accounted for A-CSI reporting triggered by multi-PUSCH scheduling DCI?
· As concluded at RAN1#105 meeting, 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. It should be clarified whether the “M PUSCHs” represents “M scheduled PUSCHs” or “M valid PUSCHs". If it intends for “M scheduled PUSCHs”, it may occur that the determined PUSCH for A-CSI reporting is cancelled. Since gNB and UE has common understanding on PUSCH cancellation due to collision with semi-static DL symbol or SSB/CORESET#0 symbol, A-CSI reporting based on valid PUSCHs will not cause any problem while can avoid A-CSI dropping due to PUSCH cancellation. Therefore, it is proposed that A-CSI reporting triggered by multi-PUSCH scheduling DCI is based on valid PUSCHs. In other words, when the triggering DCI schedules N valid PUSCHs, the PUSCH that carries the aperiodic CSI feedback is N-th valid PUSCH for N <= 2, or (N-1)-th valid PUSCH for N > 2.
· Whether the cancelled PUSCH(s) due to DL collision can override CG PUSCH when timeline is satisfied?
· In Rel-16, when timeline is satisfied, a DG PUSCH will override a CG PUSCH which overlaps with the DG PUSCH. In Rel-17, when a DG PUSCH (among multiple PUSCHs scheduled by single DCI) is cancelled, it should be clarified whether UE will transmit or cancel the CG PUSCH overlapping with the DG PUSCH. Since gNB and UE has common understanding on PUSCH cancellation due to collision with semi-static DL symbol or SSB/CORESET#0 symbol, transmission of the overlapping CG PUSCH will not cause any problem, while it can allow more CG PUSCH transmission opportunity. Therefore, it is proposed that a CG PUSCH overlapping with a cancelled DG PUSCH can be transmitted, when timeline is satisfied.
· In Rel-16, when timeline is satisfied, a DG PUSCH will override a CG PUSCH with the same HARQ process ID as the DG PUSCH. In Rel-17, when a DG PUSCH (among multiple PUSCHs scheduled by single DCI) is cancelled, it should be clarified whether UE will transmit or cancel the CG PUSCH with same HARQ process ID as the DG PUSCH. Since gNB and UE has common understanding on PUSCH cancellation due to collision with semi-static DL symbol or SSB/CORESET#0 symbol, transmission of the CG PUSCH with same HARQ process ID will not cause any problem, while it can allow for CG PUSCH transmission opportunity. Therefore, it is proposed that a CG PUSCH with same HARQ process ID as a cancelled DG PUSCH can be transmitted, when timeline is satisfied.

Proposal 3: If multiple PUSCHs are scheduled by single DCI, and there is at least one PUSCH collides with semi-static DL symbol, and/or symbol configured for SSB or CORESET#0 reception, 
· OoO scheduling limitation is based on valid PUSCHs.
· If CBG based transmission is configured, CBGTI field is present in DCI for the case when multiple PUSCHs are scheduled but only one PUSCH is valid.
· A-CSI reporting triggered by multi-PUSCH scheduling DCI is based on valid PUSCHs. When the A-CSI triggering DCI schedules N valid PUSCHs, the PUSCH that carries the aperiodic CSI feedback is N-th valid PUSCH for N <= 2, or (N-1)-th valid PUSCH for N > 2.
· When timeline is satisfied, the CG PUSCH overlapping with the cancelled DG PUSCH can be transmitted.
· When timeline is satisfied, the CG PUSCH with same HARQ process ID as the cancelled DG PUSCH can be transmitted.

If multiple PDSCHs are scheduled by single DCI, and there is at least one PDSCH collides with semi-static UL symbol,
· Whether the cancelled PDSCH(s) due to UL collision will be accounted for OoO scheduling limitation?
· Similar to above discussion for multi-PUSCH scheduling, it should be clarified whether the OoO limitation is based on scheduled PDSCHs or valid PDSCHs. Considering the cancelled PDSCHs will not be received by UE, and gNB and UE has common understanding on PDSCH cancellation due to collision with semi-static UL symbol, to allow the case will not cause any problem but can provide more flexibility. Therefore, it is proposed that OoO scheduling limitation is based on valid PDSCHs.

· Whether the cancelled PDSCH(s) due to UL collision will be accounted for CBGTI/CBGFI presence determination?
· Similar to above discussion for multi-PUSCH scheduling,  if CBGTI field is not present when more than one PDSCHs are scheduled, but is present when a single PDSCH is scheduled, it needs to be clarified whether CBGTI/CBGFI field is present or not when multiple PDSCHs are scheduled but only one PDSCH is valid. Since gNB and UE has common understanding on PDSCH cancellation due to collision with semi-static UL symbol, CBGTI/CBGFI field presence determination based on valid PDSCHs will not cause any problem, while more flexibility can be provided. Therefore, it is proposed that CBGTI/CBGFI field is present in DCI for the case when multiple PDSCHs are scheduled but only one PDSCH is valid. 
· Whether the cancelled PDSCH(s) due to UL collision will be accounted for sub-codebook determination for type 2 HARQ-ACK feedback?
· [bookmark: _Hlk86925887]As agreed in RAN1#105-e, for type 2 HARQ-ACK codebook with C-DAI/T-DAI counter per DCI, DCI scheduling single PDSCH is included in the first sub-codebook, and the DCI scheduling multiple PDSCHs is included in the second sub-codebooks. It should be clarified which sub-codebook will a DCI scheduling multiple PDSCHs but only one valid PDSCH be included in. Since gNB and UE has common understanding on PDSCH cancellation due to collision with semi-static UL symbol, it will not cause any problem to include the DCI scheduling multiple PDSCHs but only one valid PDSCH in the first sub-codebook, while it can reduce HARQ-ACK payload. Therefore, it is proposed that the DCI scheduling multiple PDSCHs but with only one valid PDSCH is included in the first sub-codebook.
· Whether the cancelled PDSCH(s) due to UL collision can override SPS PDSCH when timeline is satisfied?
· In Rel-16, when timeline is satisfied, a DG PDSCH will override a SPS PDSCH which overlaps with the DG PDSCH. In Rel-17, when a DG PDSCH (among multiple PDSCHs scheduled by single DCI) is cancelled, it should be clarified whether UE will receive the SPS PDSCH overlapping with the DG PDSCH or not. Since gNB and UE has common understanding on PDSCH cancellation due to collision with semi-static UL symbol, reception of the overlapping SPS PDSCH will not cause any problem, while it can allow more SPS PDSCH reception opportunity. Therefore, it is proposed that a SPS PDSCH overlapping with a cancelled DG PDSCH can be received, when timeline is satisfied.


Proposal 4: If multiple PDSCHs are scheduled by single DCI, and there is at least one PDSCH collides with semi-static UL symbol,
· OoO scheduling limitation is based on valid PDSCHs.
· If CBG based transmission is configured, CBGTI/CBGFI fields are present in DCI for the case when multiple PDSCHs are scheduled but only one PDSCH is valid.
· DCI scheduling multiple PDSCHs but with only one valid PDSCH is included in the first sub-codebook.
· When timeline is satisfied, the SPS PDSCH overlapping with the cancelled DG PDSCH can be received.


2.2. HARQ-ACK feedback for multi-PDSCH scheduled by single DCI
Type 2 HARQ-ACK feedback
A working assumption was made at RAN1#106bis-e that CBG operation and multi-PDSCH scheduling is not expected to be simultaneously configured in the same PUCCH cell group. We support to confirm the working assumption. 

	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



Proposal 5: Confirm the working assumption that 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.
Time domain bundling

With the support of multi-PDSCH scheduling, as a PUCCH resource is indicated even in a DCI scheduling multiple PDSCHs, we assume PUCCH payload size will be increased. Since PUCCH payload size is a significant factor impacting PUCCH reliability, how to avoid large PUCCH payload size should be considered to avoid PUCCH reliability degradation. In our view, HARQ-ACK bundling could be an effective method for this purpose, e.g., HARQ-ACKs of multiple PDSCHs scheduled by the same DCI are combined into one bit by “logical AND”. 

There are two options on actual bundling method discussed in last meeting:
· Option 1: bundling across all PDSCHs scheduled by single DCI.
· Option 2: bundling across a sub-set of PDSCHs scheduled by single DCI.
· Option 2-1: bundling across every fixed M PDSCHs.
· Option 2-2: all PDSCHs are bundled into fixed N bits.

For type 1 HARQ-ACK codebook, based on the current agreements, multiple PDSCHs scheduled by single DCI will be included in PDSCH occasions in separate slots. Therefore, if time domain bundling is desired, bundling of multiple PDSCHs should be determined before K1 set or PDSCH slot set extension determination. If option 2 is applied, the K1 set or PDSCH slot set extension for PDSCH candidate occasion determination will be more complicated. Therefore, option 1 is preferred. With option 1 applied, candidate PDSCH occasions are determined based on last SLIV of each TDRA row, without any K1 set or PDSCH slot set extension. 

For type 2 HAQ-ACK codebook, if option 1 is applied, multi-PDSCH scheduling DCI and single-PDSCH scheduling DCI can be included in the same sub-codebook. If option 2 is applied, separate sub-codebooks are still needed for multi-PDSCH scheduling DCI and single-PDSCH scheduling DCI. It may result in more sub-codebooks according to M/N values. From simplicity perspective, option 1 is preferred.
Time domain HARQ-ACK bundling can be enabled/disabled by RRC configuration. The enabling/disabling may depend on other configurations, e.g., time domain HARQ-ACK bundling can be enabled only when “CBG based transmission is not configured/supported for multiple PDSCH scheduling”, and “two-TB scheduling is not supported/enabled for multiple PDSCH scheduling” or “spatial bundling is enabled if two-TB scheduling is supported/enabled for multiple PDSCH scheduling”.

Proposal 6: Support time domain HARQ-ACK bundling for multi-PDSCH scheduling.
· Time domain bundling is enabled/disabled by RRC parameter, where the enabling/disabling should depend on other configuration, e.g. whether CBG is supported/enabled for multiple PDSCH scheduling, and/or whether two-TB scheduling is supported/enabled for multiple PDSCH scheduling, and/or whether spatial bundling is enabled if two-TB scheduling is supported/enabled for multiple PDSCH scheduling.
· Time domain bundling is performed across all PDSCHs scheduled by a DCI. 
· For type 1 HARQ-ACK feedback, PDSCH candidate occasion determination and pruning procedure is based on the last SLIV.
· For type 2 HARQ-ACK feedback, multi-PDSCH DCI scheduled PDSCHs and single-PDSCH DCI scheduled PDSCHs are included in the same sub-codebook. 

2.3. Joint channel estimation for multi-PDSCH scheduling 
Joint channel estimation (JCE) over PUSCHs in multiple slots is one of the objectives for Rel-17 WI of NR coverage enhancement. By utilizing the JCE mechanism at the receiver side, the channel estimation accuracy and the decoding performance may be improved. In this section, we provide some evaluation results to verify the gain of JCE across multiple slots that is used for multi-PDSCH scheduling to be supported in 52.6 – 71 GHz WI. 

The evaluation results with 480 and 960 kHz SCS are shown in Figure 2-1 and 2-2, respectively. In the evaluation, the time window size, N, is defined to indicate the number of slots, where DMRSs used for joint channel estimation are contained. For example, N=1 means no joint CE and N=4 means DMRSs contained in 4 slots, including a slot with the PDSCH being decoded and 3 earlier slots are used for joint channel estimation.      
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Figure 2-1: BLER performance with JCE over multi-PDSCH with 480KHz SCS and TDL-A 5/10/20/40 ns
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Figure 2-2: BLER performance with JCE over multi-PDSCH with 960KHz SCS and TDL-A 5/10/20/40 ns

Table 2-1: Summary of performance gains observed with JCE over multi-PDSCH 
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The performance gain of JCE, i.e., N=2/4/8, compared to no JCE, i.e., N=1, in different SCS and channel delay spread conditions are summarized in Table 2-1. It is found that the gain of JCE depends on the degree of channel fluctuation. For example, the larger channel delay spread, i.e., more severe channel fluctuation in frequency domain, the larger gain of JCE is achieved. When N=8 and DS=40 ns, in which the maximum gain is assumed with JCE, the gain of JCE is about 0.41 dB and 0.63 dB in SCS of 480 kHz and 960kHz, respectively.

Moreover, in order to support JCE over multiple slots with different TBs, some restrictions will be required at transmitter side, which will cause less flexibility on the operation and a certain amount of specification impact. Therefore, given the results above and some expected drawbacks, we do not see any significant gain by supporting JCE for multi-PDSCH scheduling. 

Observation 1: The maximum gain of JCE over multi-PDSCH scheduling is about 0.41dB and 0.63dB in SCS of 480kHz and 960kHz, respectively. 
 
Proposal 7:  No need to support JCE for multi-PDSCH scheduling due to no significant gain.

3. Conclusion
Proposal 1: 
· For multi-PUSCH scheduled by single DCI,
· CBG based scheduling is not supported when multiple PUSCHs are scheduled by one DCI.
· Support frequency hopping for multi-PUSCH scheduling, by reusing existing PUSCH frequency hopping scheme, i.e. intra-slot PUSCH frequency hopping.
· For multi-PDSCH scheduled by single DCI,
· CBG based scheduling is not supported when multiple PDSCHs are scheduled by one DCI.
· For two-TB scheduling, support limitation on the maximum number of PDSCHs when 2-TB is scheduled. When RRC parameter enables two TB scheduling, 
· If the number of scheduled PDSCHs is no larger than value X (X>1), two TBs can be scheduled for each PDSCH.
· If the number of scheduled PDSCHs is larger than value X (X>1), only single TB can be scheduled for each PDSCH.

Proposal 2: The following two cases are OoO scheduling, and should not be allowed:
· 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).
· 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.

Proposal 3: If multiple PUSCHs are scheduled by single DCI, and there is at least one PUSCH collides with semi-static DL symbol, and/or symbol configured for SSB or CORESET#0 reception, 
· OoO scheduling limitation is based on valid PUSCHs.
· If CBG based transmission is configured, CBGTI field is present in DCI for the case when multiple PUSCHs are scheduled but only one PUSCH is valid.
· A-CSI reporting triggered by multi-PUSCH scheduling DCI is based on valid PUSCHs. When the A-CSI triggering DCI schedules N valid PUSCHs, the PUSCH that carries the aperiodic CSI feedback is N-th valid PUSCH for N <= 2, or (N-1)-th valid PUSCH for N > 2.
· When timeline is satisfied, the CG PUSCH overlapping with the cancelled DG PUSCH can be transmitted.
· When timeline is satisfied, the CG PUSCH with same HARQ process ID as the cancelled DG PUSCH can be transmitted.

Proposal 4: If multiple PDSCHs are scheduled by single DCI, and there is at least one PDSCH collides with semi-static UL symbol,
· OoO scheduling limitation is based on valid PDSCHs.
· If CBG based transmission is configured, CBGTI/CBGFI fields are present in DCI for the case when multiple PDSCHs are scheduled but only one PDSCH is valid.
· DCI scheduling multiple PDSCHs but with only one valid PDSCH is included in the first sub-codebook.
· When timeline is satisfied, the SPS PDSCH overlapping with the cancelled DG PDSCH can be received.

Proposal 5: Confirm the working assumption that 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.

Proposal 6: Support time domain HARQ-ACK bundling for multi-PDSCH scheduling.
· Time domain bundling is enabled/disabled by RRC parameter, where the enabling/disabling should depend on other configuration, e.g. whether CBG is supported/enabled for multiple PDSCH scheduling, and/or whether two-TB scheduling is supported/enabled for multiple PDSCH scheduling, and/or whether spatial bundling is enabled if two-TB scheduling is supported/enabled for multiple PDSCH scheduling.
· Time domain bundling is performed across all PDSCHs scheduled by a DCI. 
· For type 1 HARQ-ACK feedback, PDSCH candidate occasion determination and pruning procedure is based on the last SLIV.
· For type 2 HARQ-ACK feedback, multi-PDSCH DCI scheduled PDSCHs and single-PDSCH DCI scheduled PDSCHs are included in the same sub-codebook. 

Observation 1: The maximum gain of JCE over multi-PDSCH scheduling is about 0.41dB and 0.63dB in SCS of 480kHz and 960kHz, respectively. 
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Proposal 7:  No need to support JCE for multi-PDSCH scheduling due to no significant gain.
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Appendix 
Table A-1 Simulation Parameter
	Parameter
	Values 

	Carrier Frequency
	60GHz

	Bandwidth
	400 MHz 

	Subcarrier spacing (SCS)
	480 kHz
	960 kHz

	Subcarrier number
	768 (64 RBs)
	384 (32 RBs)

	FFT size
	1024
	512

	Channel Model
	TDL-A 5ns, 10ns, 20ns, 40ns

	MCS
	16

	Phase noise 
	No

	PTRS
	No

	DMRS
	Rel-15 Type1 DMRS 

	Channel estimation 
	MMSE across multi-PDSCH slots 
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SCS Delay Gain of joint channel estimation (dB)
Sipized N=1 N=2 N=4 N=8
480KHz 5ns 0 0.07 0.09 0.12
10ns 0 0.12 0.16 0.19
20ns 0 0.17 0.25 0.29
40ns 0 0.26 0.36 0.41
960KHz 5ns 0 0.11 0.16 0.19
10ns 0 0.16 0.26 0.30
20ns 0 0.28 0.39 0.44
40ns 0 0.37 0.54 0.63





