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1 Introduction
[bookmark: _GoBack]In RAN#104-e meeting, RAN1 started WI for 52.6GH~71GHz, and the following agreements have been made regarding PDSCH/PUSCH enhancement [1]:
	Agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz,
· The maximum channel bandwidth for 120 kHz SCS is 400 MHz
· The maximum channel bandwidth for 480 kHz SCS is 1600 MHz
· The maximum channel bandwidth for 960 kHz SCS is one of the following options
· 2000 MHz
· 2160 MHz
· Send LS to RAN4 to inform about RAN1’s agreement of maximum channel bandwidth and ask RAN4 to decide and feedback the exact value of maximum channel bandwidth for 960 kHz SCS, the corresponding numbers of RBs for the maximum channel bandwidth of SCS(s) supported in 52.6 GHz to 71 GHz. 

Agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz, at least the following options on minimum channel bandwidth are identified. 
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· Further study in RAN1 the above options’ implications on RAN1 design and specification
· Send LS to RAN4 to inform about RAN1’s identified options of minimum channel bandwidth and ask RAN4 to decide and feedback the minimum channel bandwidth

Agreement:
· RAN1 use the absolute time duration for 120 kHz SCS as the upper bound for the discussion of UE processing timelines (not related to PDCCH monitoring) for 480 kHz and 960 kHz SCS for NR operation in 52.6 to 71 GHz
· RAN1 strives to reduce the absolute time durations from the upper bound if feasible
· FFS: How to derive timeline values
· Case by case study
· FFS: model-based approach for selected timelines, e.g. exponential models, projection based on log-linear regression, etc.

Agreement:
Further study at least the following aspects of timelines to support both single PDSCH/PUSCH and multi-PDSCH/PUSCH scheduling for NR operation in 52.6 GHz to 71 GHz. 
· Time unit and applicability to selected timelines
· Value and/or range of value
· Potential impact on UE capability

Agreement:
· The following UE processing timelines are prioritized for discussion
· PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
· configuration(s)/default values of k0 (PDSCH), k1 (HARQ), k2 (PUSCH)
· CSI processing time, Z1, Z2, and Z3, and CSI processing units
· Note: the order of the above sub-bullets represents the priority for discussion in descending order
· Companies are encouraged to provide preferred values/ranges of timelines for discussion

Agreement: 
FFS: The need for enhancements and standardization, of the following additional processing timelines:
· UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH
· SRS, PUCCH, PUSCH, PRACH cancellation with dynamic SFI
· ZP CSI Resource set activation/deactivation
· Application delay of the minimum scheduling offset restriction
· timing aspects related to cross carrier operation

Agreement:
Proposal 5-1a in R1-2102072 is agreed with the following modification:
· In the row for PTRS configuration, change the text to “Companies are asked to report details of PN compensation method(s) with corresponding receiver complexity and details of PTRS enhancement (including any modifications to sequences) for CP-OFDM if evaluated. For example, for block-based PTRS enhancement, the number of PTRS blocks per OFDM symbol, the number of PTRS REs per block, and the placement of PTRS blocks in each OFDM symbol are required to be provided if evaluated”

Agreement:
· At least existing PTRS design for CP-OFDM is supported for NR operation in 52.6 to 71 GHz.
· Companies are encouraged to study the need of potential PTRS enhancement for CP-OFDM with respect to phase noise compensation performance considering at least the following aspects:
· PTRS density/pattern (e.g. distributed, block-based) and sequence (e.g. cyclic sequence)
· Frequency domain power boosting and its impact to PDSCH performance and PDSCH to DMRS EPRE
· Receiver complexity, including possible aspects related to supporting both existing PTRS design and potential PTRS enhancement
· Possible specification impact of supporting potential PTRS enhancement in addition to existing PTRS design
· Note: PTRS overhead should be accounted for in the evaluations, e.g. by showing spectral efficiency results and/or reporting effective coding rate
· Note: the decision to support potential enhanced PTRS design in addition to existing PTRS design will be made based on performance benefit, receiver complexity and specification effort aspects of enhanced PTRS design together and not purely on the considerations of the specification effort caused by supporting potential enhanced PTRS design in addition to existing PTRS design.
Agreement:
Companies are encouraged to study at least the following aspects for potential PTRS enhancement for DFT-s-OFDM for NR operation in 52.6 to 71 GHz
· The need of potential PTRS enhancement
· PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled

Agreement:
· Existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 120 kHz SCS.
· At least existing DMRS patterns are supported for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether to introduce different DMRS pattern with increased frequency domain density (in number of subcarriers) than the existing DMRS patterns for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS
· Further study on whether and how to restrict DMRS port configuration (e.g., the number of DMRS ports) as in FR2 for NR operation in 52.6 to 71 GHz with 480 kHz and/or 960 kHz SCS

Agreement:
Further study on at least the following aspects of potential DMRS enhancement with respect to FD-OCC:
· whether to support a configuration of DMRS in which FD-OCC is not applied for 480 kHz and 960 kHz SCS
· Applicability to Type-1 and/or Type-2 DMRS
· Details on whether and how to indicate that FD-OCC is not applied to DMRS port
· Impact to UE multiplexing capacity and inter-UE interference in MU-MIMO 

Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.

Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)
Agreement:
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104bis-e.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback

Agreement:
The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17.
· FFS: Applicability to multi-PDSCH scheduling. 

Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· CBGTI: Whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).
· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).
· TDRA: Down-select among
· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signalled in DCI.
· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity
· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs
· Applicability to multi-PDSCH scheduling in Rel-17. 
· Note: Other enhancements are not precluded.


This contribution discusses detailed design for the above aspects.  
2 Timeline 
In last meeting, RAN1 agreed to prioritize the discussion for PDSCH/PUSCH/PUCCH processing timelines, CSI processing times to enable basic functions for 52.6~71GHz. Considering the absolute values for these processing time are highly related to the implementation, it is difficult to find a clear ‘model’ fitting all the cases. It is reasonable to determine the value case by case, based on UE capacities for the worst case avoiding 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.
Proposal 1: RAN1 shall determine absolute values for processing timing for 480 and 960 KHz case by case, with the consideration of reasonable UE complexity, potential latency and impact of signal/channel/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: 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. (e.g. 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 3: Support SCS-specific K1/K2 by reusing existing default/configured K1/K2 plus a SCS specific offset.
3 Enhancement to PT-RS for CP-OFDM
In RAN1-104-e, some companies proposed a block PTRS pattern with cyclic PTRS sequence. It was shown in [4][5] that this new PTRS pattern outperforms both Rel-15 PTRS (with de-ICI algorithm) and block PTRS patterns with non-cyclic structure at least in some scenarios. 
In the following we evaluate the block PTRS with cyclic sequence design from [4] (shown in Figure 1). The parameters used for evaluation are listed in Table 1.


Figure 1 Cyclic sequence structure for block PTRS
For the block PTRS pattern, we choose the number of distributed blocks  and the number of subcarriers in each PTRS block . The basic sequence used here is Zadoff-Chu sequence with length . This choice of length corresponds to nine dominant ICI components to be estimated. This configuration have slightly increased PTRS overhead comparing to Rel-15 PTRS patterns with  when the allocation is 256 RB. 
We compare the results with de-ICI algorithm [6] (u=4 for fair comparison) for Rel-15 PTRS pattern and block PTRS pattern with non-cyclic random sequence ( and ). The algorithm used in the latter is the ICI filter approximation approach shown in [6] with u=4.
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Figure 2-a                                            Figure 2-b
In the BLER curve showing in Figure 2-a, block PTRS pattern with cyclic sequence performs slightly better than the one with non-cyclic random sequence, but roughly the same as the Rel-15 with de-ICI algorithm. In term of spectral efficiency showing in Figure 2-b, block PTRS pattern with cyclic sequence performs better than block PTRS with non-cyclic random sequence in low SNR region, but again similar to Rel-15 PTRS with de-ICI algorithm. Overall, we don’t see the significant gain for block PTRS pattern with cyclic sequence shown in [4][5] in this configuration. 
We want to point out that we use the ICI filter approximation approach [6] for phase noise estimation in the case of block PTRS with cyclic sequence. Due to the time, we haven’t finished evaluating the alternative algorithm suggested in [4], which has lower complexity and may also provide better performance on this new patterns. Also, we does not rule out the possibility that the block PTRS with cyclic sequence does provide better gain in other scenarios.
Observation 1: In the scenario of our evaluation, we don’t observe significant performance gain for block PTRS pattern with cyclic sequence comparing to Rel-15 PTRS with de-ICI algorithm.
Observation 2: Alternative ICI estimation algorithm taking advantage of the cyclic structure of PTRS pattern may provide better performance for block PTRS pattern with cyclic sequence. 

Table 1 LLS assumption 
	Assumptions
	Value

	Carrier Frequency [GHz]
	60 GHz

	Number of RB
	256 for 120 kHz SCS (corresponds to ~400 MHz carrier BW)

	Waveform
	CP-OFDM

	Channel Model
	TDL-A 5ns 

	Mobility
	3 km/hr

	UE PN Model
	TR38.803 example 2 UE PN profile

	Channel Estimation
	MMSE

	Transmission Rank
	Rank 1

	PDSCH SLIV
	(S=2, L=12)
Note: Starting symbol, S, (indexed from 0) and length, L.

	DMRS Configuration
	2 DMRS symbols at (2,11) symbol index

	PTRS Configuration
	Rel-15 PTRS K = 4, L = 1
Block PTRS with random sequence  and 
Block PTRS with cyclic sequence  and 

	MCS/TBS
	From MCS Table 1 (TS38.214):
-  MCS 22 (64QAM),
Assume NohPRB = 0 for MCS calculations.



4 Enhancement to DMRS
Potential enhancement for DMRS includes whether/how to improve frequency domain channel estimation performance and whether/how to improve time domain channel estimation performance. 
For frequency domain enhancement, since the channel frequency domain correlation between REs decreases with larger SCS, the optimized DMRS frequency domain density would be increased, compared with lower frequency band. According to the evaluation results provided by companies in last meeting, Type-2 DMRS suffers channel estimation performance degradation, due to large distance of DMRS resource per port in frequency domain . However, considering the channel in 52.6~71GHz is typically not sufficiently uncorrelated to support large layers and the multiplexed MU-MIMO UEs is limited, Type-2 DMRS is not a typical configuration, thus no need to consider the optimization for Type-2 DMRS. For Type-1 DMRS, the performance is acceptable in case of using FDMed port, e.g. port 0 & 2, which is already supported by the existing DMRS configuration, thus no need to enhance. Another potential enhancement discussed in last meeting is, whether/how to disable frequency domain OCC. The motivation to introduce the indication of OCC on/off is to avoid unnecessarily despread operation which degrades channel estimation performance when there is no paired MU-MIMO UE. Actually, channel estimation algorithm depends on UE implementation. Applying frequency domain OCC does not necessarily mean the UE has to perform despread operation, e.g. frequency domain MMSE (joint channel estimation for REs in the same CDM group) can be performed without the assumption of the same channel over adjacent DMRS REs, which is less sensitive to frequency selective fading. Therefore, the necessity of frequency domain OCC on/off mechanism is unclear. 
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. 
Proposal 4: Support DMRS overhead reduction in time domain and DMRS bundling across multiple PDSCH/PUSCHs. 

5 Multi-PDSCH/PUSCH scheduling 
Maximum number of PDSCHs/PUSCHs scheduling by a single DCI
In last meeting, there was some discussion on the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI. It seems straightforward that maximum number is at least 8, considering one slot duration of 120 KHz is same as 8 slots of 960 KHz. If slot duration is the only factor, it would lead to even much larger number, if we consider cross-CC scheduling from a carrier with smaller SCS than 120 KHz, e.g. 15 KHz. However, many factors should be considered to determine the maximum number, in addition to the slot duration. For example, it is inefficient to schedule PDSCHs by one DCI occupying all HARQ processes, e.g. 16 PDSCHs, wherein gNB can not transmit any HARQ process before receiving HARQ-ACK feedback. Moreover, a large number of PDSCHs scheduled by a single DCI leads to large DCI overhead for NDI/RV indication and may also increase TDRA bit length, otherwise, the scheduling flexibility is materially degraded. Based on the analysis above, the maximum number 8 would be a reasonable value. 
Proposal 5: The maximum number of PDSCHs/PUSCHs scheduled by a single DCI can be 8. 

DCI design for Multi-PUSCH scheduling
In last meeting, RAN1 agreed that multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17, and the following enhancement can be studied.
· CBGTI: whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled? 
CBG-based transmission is beneficial in case of eMBB and URLLC co-existence, or when interference/channel fading in different symbols would vary dramatically. In 52.6 ~ 71GHz, with large SCS, the slot duration is very short so that for most cases eMBB and URLLC can be TDMed, and the interference/channel fading over different symbols within a slot would be quite similar. Therefore, it is not worth increasing DCI overhead and UCI overhead to support CBG-based transmission for multi-PDSCH/PUSCHs. In case CBG-based transmission is helpful, gNB can still schedule single PDSCH with CBG. 
· CSI request: whether to apply same or different rule compared to Rel-16 NR-U? 
In Rel-15 and Rel-16 for licensed band, A-CSI can be multiplexed into 1st PUSCH in case of PUSCH repetition (1st PUSCH for type-A repetition, or 1st actual repetition for type-B repetition) to reduce A-CSI latency. In Rel-16 NR-U, A-CSI is multiplexed in last PUSCH or penult PUSCH to reduce A-CSI dropping probability caused by LBT failure. Apparently, the design target for licensed and unlicensed band is different so that the solution is different. Similarly, for 52.6 ~ 71GHz, different solution (but same as Rel-16) can be applied for licensed and unlicensed operation. 
· TDRA: down-select among 3 alternatives  
Alternative 1 is the same as Rel-16 NR-U, alternative 2 extends alternative 1 to support non-continuous time domain resource allocation, and alternative 3 proposes a new signalling structure to support multiple PUDSCH groups. 
The alleged benefit for alternative 3 is to reduce RRC signalling in case of much more than 8 PUSCHs. However, as analysed above, it is undesirable to schedule more than 8 PUSCHs by a single DCI. 
Comparing alternative 1 and 2, the question to answer is, whether non-continuous resource allocation is beneficial. In Rel-16 NR-U, multiple PUSCHs are continuous in time domain to avoid additional LBT. Rel-16 NR-U is mainly for eMBB scenarios, so the latency caused by continuous transmission is acceptable. In Rel-17, the design should consider both licensed and unlicensed band, and eMBB as well as URLLC traffic. Besides, PUSCH for different UEs is a more likely to be transmitted by TDM due to analogy beam in 52.6 ~ 71GHz, wherein continuous PUSCHs transmission for a single UE would lead to larger latency for other UEs. Meanwhile, continuous PUSCHs transmission would also increase latency for DL transmission, because DL is available only after the end of last PUSCH in case of continuous PUSCHs. Therefore, non-continuous PUSCHs is more desirable at least for licensed band. 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. 
· 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. 
· Frequency hopping: whether/how to support frequency hopping for scheduled PUSCHs?
In Rel-16 NR-U, UL frequency hopping is always disabled due to full bandwidth transmission of an interlace. In 52.6~71GHz unlicensed and licensed band, a UL transmission can occupy only part of the bandwidth, e.g. single PRB transmission. Therefore, UL frequency hopping should be supported. In Rel-15, intra-slot or inter-slot hopping can be configured for type-A repetition, and inter-PUSCH or inter-slot hopping can be configured for type-B repetition. 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. 
· URLLC related fields: priority indicator and open loop power control parameter 
URLLC function can be supported by 52.6~71GHz, but over optimization should be avoided. All PUSCHs scheduled by a single DCI should be associated with the same priority and also same set of open loop power control, as PUSCH repetition in Rel-16 URLLC.  
·  QCL indication
It can be beneficial to support different QCL for different PUSCHs for diversity gain [2]. The detailed indication mechanism can be discussed after progress in beam management agenda item. 
Proposal 6: Rel-16 NR-U multi-PUSCH scheduling DCI can be reused for multi-PUSCH in 52.6~71GHz with at least the following enhancement: 
· A-CSI feedback: A-CSI in first PUSCH that satisfies the multiplexing timeline for licensed band, and A-CSI in last or penult PUSCH for unlicensed band.
· PUSCH TDRA: non-continuous PUSCH transmissions (Alt-2). 
· PUSCH FDRA: larger RRC configured range for RBG. 
· Frequency hopping: intra-PUSCH hopping.
· URLLC related field: same priority for all PUSCHs scheduled by a single DCI

DCI design for 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 1. 
Table 1 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
	Bit field not applicable to multi- PDSCH scheduling
	In 52.6~71GHz, it is typically difficult to support large number of layers due to channel characteristic. Therefore, no need to support 2-TB case (>5 layers) for multi-PDSCH, which would dramatically increase the DCI overhead.

	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 last 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
	

	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

	CBGFI
	Bit field not applicable to multi- PDSCH scheduling
	Same as multi-PUSCH, no CBG-based transmission for multi-PDSCH. Therefore, no CBGFI/CBGTI for multi-PDSCH.



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,
· MCS/RV/NDI for 2nd TB is not applicable to multi-PDSCH scheduling (only support single TB case)
· CBG-based transmission is not applicable to multi-PDSCH scheduling, including CBGTI/CBGFI
· HARQ-ACK relevant bit field is applicable to all PDSCHs and single PUCCH
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: Support single DCI for single or multi-PDSCH/PUSCH scheduling as Rel-16 NR-U. 

HARQ-ACK feedback (for DL)
In last meeting, RAN1 agreed HARQ-ACK of all PDSCHs scheduled by the DCI is carried by a single PUCCH, and further discuss whether support HARQ-ACK feedback in different PUCCHs. The motivation of HARQ-ACK on different PUCCH 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 case, 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 9: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI carried by different PUCCH(s) should be deprioritized. 

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, and the candidate PDSCH reception occasions are pruned based on TDD configuration and each SLIV within each candidate slot. 
In case of multi-PDSCHs, RAN1 should determine whether a candidate occasion is determined according to one SLIV of a TDRA row, or according to all SLIVs of a TDRA row. 
· If a candidate occasion is derived by last PDSCH of a TDRA row, the existing mechanism for PDSCH candidate slot determination according to K1 set and last PDSCH can be reused, while the number of HARQ-ACK bits per PDSCH candidate occasion should be modified. For example, each PDSCH candidate occasion is associated with N bits HARQ-ACK (e.g. N is the number of valid PDSCHs of a row, or N is the maximum number of valid PDSCHs of TDRA table, etc). 
· If a candidate occasion is derived by each PDSCH of a TDRA row (multiple occasion for multiple PDSCHs), the existing mechanism for PDSCH pruning per slot and single bit HARQ-ACK per PDSCH candidate occasion can be reused. But the candidate PDSCH slot determination should be enhanced, because existing mechanism based on K1 set can only cover the DL slot for last PDSCH of multi-PDSCHs. 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.
Furthermore, to reduce HARQ-ACK codebook size, the mechanism to reduce redundant HARQ-ACK bit location with joint consideration of multiple PDSCHs in multiple slot can be considered. For example, for two TDRA rows which is overlapped at least in one PDSCH, only one TDRA row should be kept while all SLIVs of the other row should be deleted. 
Proposal 10: For Type-1 HARQ-ACK codebook, the following enhancement should be studied:
· Whether a PDSCH candidate occasion is determined according to last SLIV of a TDRA row, or according to all SLIVs of a TDRA row, and the number of HARQ-ACK bits PDSCH candidate occasion.
· How to reduce redundant HARQ-ACK bit location with joint consideration of multiple PDSCHs in multiple slots.

Type-2/Enhanced 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, 3 alternatives were proposed by companies in last meeting. 
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable 
Alt-1 is based on separate sub-codebook for single PDSCH scheduling and multi-PDSCH scheduling. Similar to 2 sub-codebook for CBG-based and TB-based transmission supported by Rel-15, single PDSCH scheduling and multi-PDSCH scheduling can be associated with different HARQ-ACK sub-codebook. 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 (Npdsch_max) respectively. 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. 
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, still, 2 sub-codebooks would be sufficient, i.e. one sub-codebook for single PDSCH with TB-based HARQ-ACK, and the other sub-codebook for multi-PDSCH TB-based HARQ-ACK and single PDSCH with CBG-based HARQ-ACK. Then, the number of HARQ-ACK bits would be 1 or 2 bits for 1st sub-codebook, and max(NCBG_max, Npdsch_max) bits for 2nd sub-codebook. 
Alt-2 is based on single sub-codebook for single PDSCH scheduling and multi-PDSCH scheduling. The UCI overhead would be smaller than Alt-1, while the cost is larger DCI overhead due to 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/UL-DAI for another PDSCH group is configured. It is noted that, the DCI overhead is increased for both DL assignment and UL grant, and the DCI overhead is increased not only for the serving cell configured with multi-PDSCH scheduling, but also the serving cell configured with single PDSCH scheduling, e.g. in FR1 or FR2. Therefore, in average, the DCI overhead by Al-t2 is much larger than UCI overhead by Alt-1. 
Alt-3 tries to achieve a trade-off between UCI overhead and DCI overhead by gNB configuration. Similar to Alt-2, Alt-3 is also based on single sub-codebook for single PDSCH and multi-PDSCH scheduling. If gNB intends to control UCI overhead, gNB configures a smaller M, e.g. M =1. In that case, the DCI overhead is as large as Alt-2. If gNB intends to control DCI overhead, gNB configures a larger M, e.g. M = configured maximum number of PDSCHs (Npdsch_max). In that case, the DCI overhead is same as Alt-1, but the UCI overhead is larger than Alt-1, because the UE always reports Npdsch_max bits even for single PDSCH scheduling, e.g. for PDSCH in FR1 or FR2.  
Actually, the similar discussion for all these alternatives happened in Rel-15 CBG/TB-based HARQ-ACK, RAN1 finally decided to adopt sub-codebook based solution for CBG and TB-based HARQ-ACK after several meeting’s debate. The same strategy should be adopted for multi-PDSCH scheduling with minor standard effort. 
Proposal 11: For Type-2/enhanced type-2 HARQ-ACK codebook, single and multi-PDSCHs scheduled by a DCI are associated with different sub-codebook, and DAI is counted per DCI within each sub-codebook (Alt-1).
6 Conclusion
The proposals made in this contribution are summarized below:
Observation 1: In the scenario of our evaluation, we don’t observe significant performance gain for block PTRS pattern with cyclic sequence comparing to Rel-15 PTRS with de-ICI algorithm.
Observation 2: Alternative ICI estimation algorithm taking advantage of the cyclic structure of PTRS pattern may provide better performance for block PTRS pattern with cyclic sequence. 
Proposal 1: RAN1 shall determine absolute values for processing timing for 480 and 960 KHz case by case, with the consideration of reasonable UE complexity, potential latency and impact of signal/channel/physical layer procedures.
Proposal 2: 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 3: Support SCS-specific K1/K2 by reusing existing default/configured K1/K2 plus a SCS specific offset.
Proposal 4: Support DMRS overhead reduction in time domain and DMRS bundling across multiple PDSCH/PUSCHs. 
Proposal 5: The maximum number of PDSCHs/PUSCHs scheduled by a single DCI can be 8. 
Proposal 6: Rel-16 NR-U multi-PUSCH scheduling DCI can be reused for multi-PUSCH in 52.6~71GHz with at least the following enhancement: 
· PUSCH TDRA: non-continuous PUSCH transmissions (Alt-2). 
· PUSCH FDRA: larger RRC configured range for RBG. 
· Frequency hopping: intra-PUSCH hopping.
· URLLC related field: same priority for all PUSCHs scheduled by a single DCI
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,
· MCS/RV/NDI for 2nd TB is not applicable to multi-PDSCH scheduling (only support single TB case)
· CBG-based transmission is not applicable to multi-PDSCH scheduling, including CBGTI/CBGFI
· HARQ-ACK relevant bit field is applicable to all PDSCHs and single PUCCH
Proposal 8: Support single DCI for single or multi-PDSCH/PUSCH scheduling as Rel-16 NR-U. 
Proposal 9: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI carried by different PUCCH(s) should be deprioritized. 
Proposal 10: For Type-1 HARQ-ACK codebook, the following enhancement should be studied:
· Whether a PDSCH candidate occasion is determined according to last SLIV of a TDRA row, or according to all SLIVs of a TDRA row, and the number of HARQ-ACK bits PDSCH candidate occasion.
· How to reduce redundant HARQ-ACK bit location with joint consideration of multiple PDSCHs in multiple slots.
Proposal 11: For Type-2/enhanced type-2 HARQ-ACK codebook, single and multi-PDSCHs scheduled by a DCI are associated with different sub-codebook, and DAI is counted per DCI within each sub-codebook (Alt-1).
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