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1 Introduction
In RAN#90-e, revised WID on extending current NR operation to 71 GHz has been approved, and the following aspects related to PDSCH/PUSCH enhancements have been included [1]: 
	· [bookmark: _Hlk58583563][bookmark: _Hlk26996217][bookmark: _Hlk58594267]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. 
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 timeing, 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 detailed design for the above aspects.  
2 Maximum channel bandwidth
In the study item, the maximum channel bandwidth has been discussed intensively, combined with the discussion on the numerology. It has been agreed that 480 kHz and 960 kHz SCSs are supported for data and control channels, including the associated RS, and the maximum FFT size is 4096, then it is possible to achieve large channel bandwidth approximate 2 GHz with current combination of SCS and FFT size. 
Meanwhile, considering fair coexistence with Wi-Fi on the 60 GHz unlicensed band, wherein the channelization is based on 2.16 channel bandwidth, providing a feasibility to support the same channel bandwidth is the most straightforward component for fair coexistence, and actually this is exactly what 3GPP has done for LTE LAA and Rel-16 NR-U. So far, no evidence shows fair coexistence can be achieved without channelization alignment. 
Also to clarify, there is no demand on mandating the channelization to be always aligned with Wi-Fi, and just providing such possibility and the selection of the channelization could be up to implementation and application scenario. 
There was a concern on the impact to  in 3GPP specifications, if the combination of 960 kHz SCS and 4096 FFT size is supported. We observe that the reference SCS and FFT size for defining  may not be directly related to the implementation of such SCS and FFT size. For example, is defined according to SCS of 480 kHz, but that SCS is never supported in 3GPP specification in Rel-15. Hence,  is a reference timing duration for specification purpose, and there is no need to revise it even when 960 kHz SCS and 4096 FFT size are supported at the same time.   
Proposal 1: Support maximum channel bandwidth as approximate 2 GHz (exact value up to RAN4) and no change to  is needed. 
3 Time line 
In the study item, RAN1 identified the following processing timing requiring investigation and reasonable values should be determined in WI.   
a. Processing capability for PUSCH scheduled by RAR UL grant 
b. Dynamic SFI and SPS/CG cancellation timing
c. Timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy.
d. Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6)
e. BWP switch delay
f. Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, beamReportTiming, etc.)
g. Timeline for multiplexing multiple UCI types
h. Minimum of P_switch for search space set group switching
i. appropriate configuration(s) of k0 (PDSCH), k1 (HARQ), k2 (PUSCH),
j. PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
k. CSI processing time, Z1, Z2, and Z3, and CSI processing units
l. Any potential enhancements to CPU occupation calculation
m. Related UE capability(ies) for processing timelines
n. minimum guard period between two SRS resources of an SRS resource set for antenna switching
The proper value should be determined based on UE capacities for the worst case to avoid material UE implementation complexity increase. Meanwhile, the determination of values should also consider potential impact of latency for data transmission/reception and physical layer procedures. 
One example is multi-beam procedure. If the new processing time for beam switch is non-negligible compared with CP duration, the existing signals like SS/PBCH with different beams needs modification [2]. Another example is the processing time for procedures based on PDCCH reception, wherein the proper processing time is impacted by PDCCH decoding time. For example, the current processing time  and  in TS38.214 are based on the per-slot maximum BD/CCEs number  defined in Table 10.1-2 and 10.1-3 in TS38.213. For 480 and 960 KHz, per slot maximum BD/CCEs number would be dramatically decreased compared with 120KHz case, e.g.~ 6 per slot in 960kHz SCS. In case of multi-slot span monitoring [3], the maximum BD/CCEs number can be much larger than per slot number, e.g. it can be 20 per 8-slot span. gNB may configure PDCCH MOs only in few slots out of 8 slots, e.g. just 1 slot out of 8 slots, and the UE may monitor 20 BDs within the slot. Consequently, the UE needs to use more time for PDCCH decoding, which results in larger and . 
Proposal 2: RAN1 shall determine proper processing timing values for 480 and 960 KHz with the consideration of reasonable UE complexity, potential latency and impact of signal/channel/physical layer procedures.
Proposal 3: Processing time for procedures based on PDCCH reception should take into account the extra complexity/time for a UE when PDCCH Monitoring enhancement methods discussed in 8.2.3 A.I. (eg. multi-slot span PDCCH monitoring) is configured. 
To accommodate new timeline for 480kHz and 960kHz, the proper range of the relevant timing indication should be changed accordingly, e.g. K1/K2 indication. In case of configured K1 and K2, extending the value range of RRC parameters would be sufficient. However, for the case of default configuration, e.g. K1 set for fallback DCI 1_0 or PUSCH TDRA table A, a mechanism for SCS specific K1/K2 configuration should be defined. For example, a SCS-specific offset for 480/960 KHz can be defined, then, the UL slot for PUCCH transmission or PUSCH transmission is determined by the sum of existing K1/K2 (common to all SCS) and a SCS specific offset. For the PUSCH scheduled by RAR, SCS-specificΔfor 480/960 KHz should also be defined considering new timeline for PDSCH. For configured set of K1 and K2, SCS-specific offset is also beneficial because of smaller RRC signalling overhead which is at least quite important for SIB1 (e.g. TDRA configuration by pusch-ConfigCommon in SIB). 
Proposal 4: Support SCS-specific K1/K2 by reusing existing default/configured K1/K2 plus a SCS specific offset.
4 Multi-PDSCH/PUSCH scheduling 
As concluded in the SI phase, multi-PDSCH/PUSCH scheduling by a single DCI reduces PDCCH monitoring burden and maintains similar peak data rate as per slot PDCCH monitoring. Before detailing the design aspects, we would like to clarify the scope of this topic, since there can be multiple interpretations based on company’s own understanding. Frist of all, the benefit from scheduling multi-PDSCH and multi-PUSCH simultaneously by a single DCI is not clear considering the UL and DL traffic is typically independent. Secondly, the multiple PDSCH or PUSCH should be targeted for the same cell and same UE, considering independent traffic and channel characteristic for different UEs and different cells, especially for unlicensed band. Lastly, the TBs in the multiple PDSCH or PUSCH should be different such that we are not targeting for a coverage enhancement as indicated in the WID. For the above reasoning, we propose the following as a clarification.
Proposal 5: RAN1 shall clarify the working scope for multi-PDSCH/PUSCH scheduled by a single DCI in Rel-17:
· Support either multi-PDSCH or multi-PUSCH scheduled by a single DCI;
· The multi-PDSCH or multi-PUSCH are associated with the same UE and same cell;
· TBs in the multi-PDSCH or multi-PUSCH are different.
To support multi-PDSCH/PUSCH scheduling, the DCI format design and the HARQ-ACK feedback mechanism need to be defined. 
DCI format design (for both UL and DL)
Multi-PUSCH scheduling
Rel-16 NR-U supports multi-PUSCH scheduling. The same mechanism can be reused for 52.6 GHz to 71 GHz with minor modification as shown in table 1. 
Table 1 DCI for multi-PUSCH scheduling
	Bit field 
	Bit field type
	Rel-16 NR-U
	Rel-17 52.6~71GHz

	PUSCH TDRA
	
	continuous PUSCHs with single K2, separate SLIV and mapping type 
Independent DMRS configuration per PUSCH according to per PUSCH mapping type configuration
	Non-continuous PUSCHs can be considered to reduce average latency for multiple UEs [note1] 
New time-domain DMRS pattern for multi-PUSCH can be consider [note2]

	Carrier/BWP/SUL indication
FDRA, MCS, TPC, RS, MIMO, LBT, DAI, Priority indication
QCL
	Single bit field applied to all PUSCHs 

	Carrier/BWP/SUL indication, FDRA, MCS, TPC, RS, MIMO, LBT and QCL is common to all PUSCHs. 
DAI bit field is applicable to all PUSCHs with HARQ-ACK transmission.
	Same as Rel-16 NR-U except QCL. A list of QCL for multiple PUSCHs can be considered [note 3] 

	RV/NDI/HPN
	Separate bit field applied to each PUSCH

	RV/ND is indicated separately for each PUSCH. A single HARQ ID for 1st PUSCH is indicated and HARQ ID for remaining PUSCHs is derived by the indicated HARQ ID.
	Same as Rel-16 NR-U

	A-CSI feedback
SRS request

	Single bit field applied to single PUSCH
	A-CSI is transmitted in last PUSCH or penult PUSCH 
	A-CSI in first PUSCH satisfying timeline conditions for multiplexing can be considered in licensed band [note4]

	UL-SCH indicator
CBGTI
	Bit field not applicable to multi-PUSCH scheduling case
	Not applicable if number of scheduled PUSCHs is larger than 1
	Same as Rel-16 NR-U

	Frequency hopping 
	
	Not support 
	Support [note 5]


Note1: In 52.6GHz to 71GHz unlicensed band, it is reasonable to use the same mechanism in NR-U, i.e. continuous PUSCHs to avoid additional LBT. In case of licensed band, the benefit of continuous PUSCHs is unclear. Due to analogy beam in 52.6GHz to 71GHz, the number of FDMed UEs would be much smaller than NR-U in 5/6GHz band. Therefore, TDMed transmission is more typical scenario, and continuous PUSCHs transmission for a single UE would lead to larger latency for other UEs. In that case, non-continuous PUSCHs is more desirable to reduce average latency for multiple UEs, e.g. UE1 can transmit in UL slot 0,2,4,6 and UE2 can transmit in UL slot 1,3,5,7. Furthermore, if multiple PUSCHs can be associated with different TCIs and if beam switching time is non-negligible [2], non-continuous PUSCH resource allocation is needed. 
Note 2: In 52.6GHz to 71GHz, since the slot duration is smaller and the typical scenario is stationary scenario, coherent time may be longer compared with the slot duration. DMRS time domain density can be lower than one DMRS per PUSCH to reduce DMRS overhead without channel estimation performance degradation and equivalently improves PUSCH efficiency. Furthermore, DMRS bundling of multiple PUSCHs can be supported to improve channel estimation performance. 
Note 3: For QCL indication, it can be beneficial to support different QCL for different PUSCHs for diversity gain [2].
Note 4: In 52.6GHz to 71GHz unlicensed band, NR-U mechanism (A-CSI in last or penult PUSCH) is reused. For licensed band, to reduce latency and improve CSI accuracy, A-CSI should be multiplexed in the first PUSCH satisfying the multiplexing timeline requirements. 
Note 5:In Rel-16 NR-U, UL frequency hopping is always disabled due to full bandwidth transmission of an interlace. In 52.6GHz to 71GHz unlicensed band, a UL transmission can occupy only part of the bandwidth, e.g. single PRB transmission. Therefore, UL frequency hopping should be supported. In case of multiple PUSCH, the UL frequency hopping can be inter-PUSCH hopping, and/or intra-PUSCH hopping. 

Proposal 6: Rel-16 NR-U multi-PUSCH scheduling DCI can be reused for multi-PUSCH in 52.6~71GHz except the following bit field: 
· PUSCH TDRA: non-continuous PUSCH transmissions can be considered 
· DMRS determination: DMRS indication to support DMRS time domain density lower than one DMRS per PUSCH and DMRS bundling can be considered
· QCL: multi-beam indication for multiple PUSCHs can be consider 
· A-CSI feedback: A-CSI in first PUSCH that satisfies the multiplexing timeline for licensed band 
· UL frequency hopping: UL frequency hopping can be supported, e.g. inter-PUSCH/intra-PUSCH hopping. 

Multi-PDSCH scheduling
For multi-PDSCH scheduling, the bit field common for DL and UL grant can use the same design as discussed above for multi-PUSDCH scheduling, and the DL-specific bit field is discussed below in table 2. 
Table 2 DCI for multi-PDSCH scheduling
	Bit field
	Bit field type (for Rel-17)
	Note

	VRB-to-PRB mapping/PRB bundling
	Single bit field applied to all PDSCHs
	

	MCS/RV/NDI for 2nd TB
	Single bit field applied to all PDSCHs
	Similar as LTE eLAA multi-PUSCH scheduling, MCS/RV/NDI for each TB is applied to each TB of all PDSCHs. 
The scheduled number of TBs for all PDSCHs should be the same, otherwise, it needs additional bit field to indicate number of TBs per PDSCH. 
If necessary, payload compression/restriction can be considered. 

	NR-U enhanced type-2/one-shot codebook bit field
	Single bit field applied to all PDSCHs
	

	DAI, PRI and K1 indication
	Single bit field applied to PUCCH
	HARQ-ACK of all PDSCHs is transmitted in one PUCCH, wherein PUCCH slot is determined by K1 and ending symbol of last PDSCH, and PUCCH resource is determined by PRI.
DAI can be the accumulated number of PDSCHs or accumulated PDCCHs as discussed in next sub-section. 
DAI can be calculated with each sub-codebook as discussed in next sub-section.

	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
	

	Rate matching/ ZP CSI-RS trigger
	Single bit field applied to 1 or multiple PDSCHs in corresponding slot
	Same as Rel-15/16 PDSCH repetition

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

	CBGTI/CBGFI
	Bit field not applicable to multi- PDSCH scheduling
	To keep the reasonable payload, CBGTI/CBGFI is not supported in case of multi-PDSCH scheduling as Rel-16 NR-U. 
It should be clarified whether CBG-based HARQ-ACK feedback is also disabled in case of multi-PDSCH scheduling. 



Proposal 7: For multi-PDSCH scheduling, the bit field common for DL and UL grant can use the same design as discussed above for multi-PUSCH scheduling, and the DL-specific bit field should be enhanced. 
According to the discussion above, the payload for a DCI format scheduling single PDSCH/PUSCH and a DCI format scheduling multiple PDSCH/PUSCH is different. RAN1 should decide whether to introduce a new DCI format for multi-PDSCH/PUSCH scheduling in addition to the DCI format for single PDSCH/PUSCH scheduling, or use a single DCI format for both scheduling cases wherein the payload of the DCI format is determined by the maximum payload of these two cases. In Rel-16 NR-U, a single DCI format is used. Same mechanism can be reused. 
Proposal 8: A single DCI for single or multi-PDSCH/PUSCH scheduling as Rel-16 NR-U. 
HARQ-ACK feedback (for DL)
As is discussed above, CBGTI/CBGFI is not applicable in case of multi-PDSCH scheduling, i.e. only TB-based PDSCH reception is supported. A relevant issue is, whether CBG-based HARQ-ACK feedback is supported for multi-PDSCH scheduling, if the CBG is configured for the serving cell. On one hand, it is straightforward that both the PDSCH reception and HARQ-ACK feedback is based on the same granularity, then, the UE report TB-based HARQ-ACK for multi-PDSCH scheduling. One the other hand, CBG-based HARQ-ACK feedback is workable without CBGTI/CBGFI, and it seems beneficial to report HARQ-ACK with finer granularity. Besides, CBG or TB-based HARQ-ACK feedback for multi-PDSCH scheduling also has impact on Type-1/Type-2 HARQ-ACK codebook design discussed as below. 
Proposal 9: Further investigate whether CBG or TB-based HARQ-ACK feedback should be supported for multi-PDSCH scheduling with the consideration of HARQ-ACK feedback efficiency and potential standard complexity.  
For multi-PDSCH scheduling, HARQ-ACK of all scheduled PDSCHs are transmitted in one PUCCH, which requires new HARQ-ACK codebook design for Type-1 codebook and Type-2 codebook.
Type-1 HARQ-ACK codebook 
The mechanism to determine candidate PDSCH receptions for HARQ-ACK feedback needs modification to ensure a HARQ-ACK bit location for each PDSCH of scheduled multi-PDSCHs. 
Currently, the candidate slot for HARQ-ACK feedback is determined by PUCCH UL slot n and K1 set. In case of multi-PDSCHs, K1 set alone can only cover the DL slot for last PDSCH of multi-PDSCHs, new mechanism to include DL slot for other PDSCHs of multi-PDSCHs should be specified. For example, the candidate DL slots for all PDSCHs can be determined by an additional K1’ set which is derived by K1 and the ending symbol of each PDSCH according to TDRA table. 
Currently, the candidate PDSCH reception occasions are pruned based on TDD configuration and each SLIV within each candidate slot. In case of multi-PDSCH scheduling, the pruning procedure needs modification with the following aspects: 
· Determine a candidate occasion according to one SLIV of a TDRA row, or according to all SLIVs of a TDRA row.
For example, using the last PDSCH of a TDRA row to determine a candidate occasion. In that case, multiple number of HARQ-ACK bits are associated with a single PDSCH candidate occasion. Alternatively, using multiple PDSCH of a TDRA row to determine multiple candidate occasions, i.e. one-to-one candidate occasion determination. 
It is noted that, one TDRA row with multiple SLIVs may appear more than once in a slot before pruning, e.g. SLIV1 ~ SLIV4 of a single row for 4 PDSCHs can appear in a slot, because there can be multiple possible starting slots of a TDRA row depending on PDCCH monitoring occasion. 
· Delete overlapped SLIVs per SLIV of multi-PDSCHs separately, or multiple SLIVs of multi-PDSCHs jointly.
For example, similar to Rel-15/16 procedure, do pruning for each SLIV within a slot separately. Alternatively, do pruning for each rows within multi-slots. For example, for two TDRA rows which is overlapped at least in one PDSCH, only one TDRA row should be kept while the all SLIVs of the other row should be deleted. 
· Delete redundant SLIVs incapable to feedback HARQ-ACK in UL slot n 
If the candidate slot also includes the slot of PDSCHs other than last PDSCH of scheduled multi-PDSCHs, the TDRA row with last PDSCH ending in the slot other than slot n-K1, e.g. in slot n-K1’, should be deleted. 
Proposal 10: To support Type-1 codebook，the following modifications should be considered:
· Candidate DL slots determination for PDSCHs other than last PDSCH of multi-PDSCHs. 
· Candidate PDSCH occasions determination within candidate slots, including using which PDSCH’s (last PDSCH or all PDSCHs) SLIV, do pruning by separate or joint determination of SLIVs of one TDRA row, and deletion of redundant SLIVs incapable to feedback in corresponding UL slot.  

Type-2 HARQ-ACK codebook 
In case of multi-PDSCH scheduling, the number of scheduled PDSCHs per PDCCH varies. If a UE miss-detects one PDCCH, the UE is unware of how many bits of NACK is expected to be transmitted. To address such ambiguity, following solutions can be considered: 
(1) Separate sub-codebook for single PDSCH scheduling and multi-PDSCH scheduling  
In Rel-15, to support different number of HARQ-ACK bits per PDSCH for CBG-based and TB-based transmission, the concept of sub-codebook is introduced. The number of HARQ-ACK bits per PDSCH in each sub-codebook is separately determined by the configured number of CBGs and number of TBs respectively, and DAI is accumulated within each sub-codebook. In that way, the UE can clearly identify the expected number of HARQ-ACK bits of missed PDCCH(s) by comparing DAI value in the current and previously received PDCCH in the same sub-codebook. 
Similar, for single PDSCH scheduling and multi-PDSCH scheduling, there can be separate HARQ-ACK sub-codebooks. The number of HARQ-ACK bits per PDCCH in each sub-codebook is separately determined for single PDSCH and for the configured maximum number of PDSCHs (M) respectively. DAI is accumulated within each sub-codebook. For the sub-codebook for multi-PDSCH, a UE transmits N HARQ-ACK bits and (M-N) NACK bits for a PDCCH scheduling N>1 PDSCHs (N <= M). 
If a UE is not configured with CBG, having 2 sub-codebooks as discussed above is sufficient. If CBG-based feedback for multi-PDSCH is configured, it may require more than 2 sub-codebooks, e.g. 4 sub-codebooks for single PDSCH TB-based HARQ-ACK, single PDSCH CBG-based HARQ-ACK, multi-PDSCH TB-based HARQ-ACK, and multi-PDSCH CBG-based HARQ-ACK. Other alternatives to reduce the total number of sub-codebooks can be considered. 
(2) Single sub-codebook for single PDSCH scheduling and multi-PDSCH scheduling
It would be simple to support HARQ-ACK feedback for single and multi-PDSCH scheduling in one group, i.e. no separate sub-codebooks. The cost is additional DAI bits. For example, if one DCI can schedule up to 2/4/8 PDSCHs, it requires additional 1/2/3 bits to achieve comparable miss-detection capability (up to 3 missed PDCCH) as Rel-15/16, then, it requires an additional total of 2/4/6 bits for C-DAI and T-DAI. In case of enhanced type-2 codebook, a larger DAI payload is expected if T-DAI for another PDSCH group is configured. CBG-based HARQ-ACK feedback can be supported as in Rel-16. 
Proposal 11: To support Type-2 codebook，the following solutions can be considered: 
· Separate sub-codebooks for single and multi-PDSCHs scheduling and DAI is separately accumulated within each sub-codebook. 
· Single sub-codebook for single and multi-PDSCHs scheduling and the number of DAI bits is increased. 
5 Enhancement to PT-RS 
Different PT-RS patterns with ICI compensation algorithms have been evaluated by RAN1 extensively during the study item phase. There were mainly two fundamental ICI compensation algorithms to be considered as described in [4], direct de-ICI filtering (Algorithm A) and ICI filter approximation approaches (Algorithm B). For the PT-RS patterns, both Rel-15 PT-RS pattern and new chunk (block) PT-RS pattern [5], where PT-RS are mapped into chunks of contiguous REs that are evenly distributed in the PDSCH allocation, are considered. It is noted that Algorithm A can work on both Rel-15 PT-RS patterns and chunk based PT-RS patterns, while algorithm B can work on only group based PT-RS patterns.
The following observations have been shown from contributions and summarized in the TR 38.808 [6].
· The ICI compensation performance of Rel-15 PT-RS pattern with algorithm A is comparable to chunk based PTRS patterns with algorithm B when PT-RS frequency domain density are similar and the filter size are the same. 
· For high coding rate and 64QAM (MCS28) in 120kHz SCS, ICIs gain was observed when the filter taps increased. It may require up to 9 or 11 taps filtering for sufficient ICI suppression. 
Based on the observations, Rel-15 PT-RS pattern with algorithm A works pretty well with modest data rate (MCS22) and large RB allocations. This may lead us to the conclusion that new chunk based PT-RS patterns is not necessary. However, we need to also look into the drawbacks for keeping legacy Rel-15 PT-RS design in this new frequency range.
First, the ICI compensation performance of Rel-15 PT-RS pattern with algorithm A degrades when number of allocation RBs is small. We observe similar performance degradation for the chunk PTRS patterns with algorithm B due to the small RB allocation. The fundamental issue here is ICI compensation algorithms require larger PT-RS REs than CPE only compensation algorithm, especially when the filter taps is large. Therefore, we may consider to introduce higher frequency density of PT-RS patterns when the allocated RBs is small. For the Rel-15 PT-RS patterns, the easy option is to allow K=1 in the PT-RS configuration. Alternatively, chunk based PT-RS design [5] provides more flexibility for increasing the frequency density of PT-RS.
Proposal 12: Consider increasing the frequency domain PT-RS density for smaller RB allocation. 
· For Rel-15 PT-RS design, consider K=1 as a valid configuration. 
· Chunk based PT-RS design offers more flexibility for increasing the frequency domain density of PT-RS.
Second, in terms of UE complexity, Rel-15 PT-RS pattern with algorithm A requires the receiver computing the N tap de-ICI filter which involves N by N matrix inversion, and performing frequency domain convolution over entire allocated RBs for each OFDM symbol. This additional calculations and filtering could end up to be a significant burden to the receiver. Especially in the case with higher MCS configuration, where a larger N is needed.
With chunk PT-RS patterns, although the complexity involving the frequency domain convolution filtering cannot be skipped, reduced complexity algorithm on ICI filtering calculation exists. By exploiting the property of ICI components, one can reduce the N by N matrix inversion into successive 2x2 matrix inversions in the procedure of filter calculation.
Observation When higher MCS is considered, Algorithm A with Rel-15 PT-RS patterns increases UE complexity significantly, while relatively efficient algorithm with chunk PT-RS patterns exists.  
Proposal 13: For higher data rate (MCS28) with 120kHz SCS, investigate chunk based PT-RS patterns approach when UE complexity is a concern.
6 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: Support maximum channel bandwidth as approximate 2 GHz (exact value up to RAN4) and no change to  is needed. 
Proposal 2: RAN1 shall determine proper processing timing values for 480 and 960 KHz with the consideration of reasonable UE complexity, potential latency and impact of signal/channel/physical layer procedures.
Proposal 3: Processing time for procedures based on PDCCH reception should take into account the extra complexity/time for a UE when PDCCH Monitoring enhancement methods discussed in 8.2.3 A.I. (eg. multi-slot span PDCCH monitoring) is configured. 
Proposal 4: Support SCS-specific K1/K2 by reusing existing default/configured K1/K2 plus a SCS specific offset.
Proposal 5: RAN1 shall clarify the working scope for multi-PDSCH/PUSCH scheduled by a single DCI in Rel-17:
· Support either multi-PDSCH or multi-PUSCH scheduled by a single DCI;
· The multi-PDSCH or multi-PUSCH are associated with the same UE and same cell;
· TBs in the multi-PDSCH or multi-PUSCH are different.
Proposal 6: Rel-16 NR-U multi-PUSCH scheduling DCI can be reused for multi-PUSCH in 52.6~71GHz except the following bit field: 
· PUSCH TDRA: non-continuous PUSCH transmissions can be considered 
· DMRS determination: DMRS indication to support DMRS time domain density lower than one DMRS per PUSCH and DMRS bundling can be considered
· QCL: multi-beam indication for multiple PUSCHs can be consider 
· A-CSI feedback: A-CSI in first PUSCH that satisfies the multiplexing timeline for licensed band 
· UL frequency hopping: UL frequency hopping can be supported, e.g. inter-PUSCH/intra-PUSCH hopping. 
Proposal 7: For multi-PDSCH scheduling, the bit field common for DL and UL grant can use the same design as discussed above for multi-PUSCH scheduling, and the DL-specific bit field should be enhanced. 
Proposal 8: A single DCI for single or multi-PDSCH/PUSCH scheduling as Rel-16 NR-U. 
Proposal 9: Further discuss whether CBG or TB-based HARQ-ACK feedback should be supported for multi-PDSCH scheduling with the consideration of HARQ-ACK feedback efficiency and potential standard complexity.  
Proposal 10: To support Type-1 codebook，the following modifications should be considered:
· Candidate DL slots determination for PDSCHs other than last PDSCH of multi-PDSCHs. 
· Candidate PDSCH occasions determination within candidate slots, including using which PDSCH’s (last PDSCH or all PDSCHs) SLIV, do pruning by separate or joint determination of SLIVs of one TDRA row, and deletion of redundant SLIVs incapable to feedback in corresponding UL slot.  
Proposal 11: To support Type-2 codebook，the following solutions can be considered: 
· Separate sub-codebooks for single and multi-PDSCHs scheduling and DAI is separately accumulated within each sub-codebook. 
· Single sub-codebook for single and multi-PDSCHs scheduling and the number of DAI bits is increased. 
Proposal 12: Consider increasing the frequency domain PT-RS density for smaller RB allocation. 
· For Rel-15 PT-RS design, consider K=1 as a valid configuration. 
· Chunk based PT-RS design offers more flexibility for increasing the frequency domain density of PT-RS.
Proposal 13: For higher data rate (MCS28) with 120kHz SCS, investigate chunk based PT-RS patterns approach when UE complexity is a concern.
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