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Introduction
In RAN #90e, a Rel-17 work item for NR operation in a frequency regime between 52.6GHz and 71GHz has been approved [1]. As a part of the work item, the study on the PDSCH/PUSCH potential enhancements with new agreed numerologies, i.e., 120kHz, 480kHz, and 960kHz. Throughout the study item [2], it was clear that some PTRS enhancements and DMRS enhancements are needed. In RAN1 #106-e, [8] and [9], it was agreed to continue studying different PTRS and DMRS patterns for the higher band and other enhancements needed for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI. 
In this contribution, we continue to discuss some key aspects of waveform design and present our views on some potential issues for the high frequency regime supported by link-level evaluation based on the evaluation methodology and assumptions for the link-level simulation were discussed in RAN1 #104-bis-e [6]. Additionally, we provide proposals for the different aspects of the reference signals and PDSCH/PUSCH for the high frequency regime.
Discussion
Reference Signals enhancements 
In this section, we cover several issues related to the design of reference signals in the high band and provide performance evaluations for different designs. The set of key parameters used for the evaluations are included in the Appendix.  
[bookmark: _Ref53310329]PTRS design and phase noise compensation
Phase noise (PN) has been regarded as a source of nonideality during FR2 waveform and signal/channel design. For the high frequency regime between 52.6GHz and 71GHz, however, the impact of phase noise would be exacerbated, and further investigation is required in relation to the study on the candidate numerologies of the high frequency regime. The time varying PN induces both common phase error (CPE) and inter-carrier interference (ICI) in the frequency domain. Although the CPE compensation is quite straightforward, the ICI compensation may need a special PTRS pattern and a more involved algorithm. 
CP-OFDM
In RAN1 #106-e, we reached the following agreements 
	Agreement:
Further study and conclude on whether to introduce any PTRS enhancement for CP-OFDM by RAN1#106b.
· Note: details of specification impact for any proposed PTRS enhancement shall be provided to facilitate drawing conclusion in RAN1#106b
Agreement:
Further study and conclude on whether to introduce K=1 for Rel-15 PTRS pattern for CP-OFDM with small (< =32) RB allocation by RAN1#106b.



In our previous contribution [10], for the ICI compensation algorithm, we considered the two algorithms proposed in [3], i.e., direct de-ICI filtering (Algorithm 1) and ICI filter approximation approaches (Algorithm 2). For new candidates PTRS design, we considered several block PTRS patterns, where the PTRS tones are mapped to one or more equal-size clusters of contiguous REs that are evenly distributed in the allocated PDSCH. As the baseline, we also considered the legacy Rel-15 PTRS pattern. Note that Algorithm 1 can be applied for both the block and legacy PTRS patterns, while Algorithm 2 can only be used with the block PTRS pattern. One of the drawbacks of block PTRS patterns is ICI leakage from PTRS tones to the neighboring data tones. One proposal was to consider block PTRS patterns with cyclic nature to reduce the ICI leakage as in [11]. Another way is modifying the structure of the block PTRS to contain zero-power tones at the edges of each cluster of PTRS tones as shown in Fig. 1. These tones can act as guard tones as well as being used for ICI filter calculations. For fair comparison, we boosted the power of the non-zero power PTRS tones based on the number of zero-power tones in each cluster to match the total power of the PTRS cluster with all non-zero power tones. It is worth mentioning that such a structure can reduce the complexity of the filter calculations, by converting the matrix of the PTRS tones, for Algorithm 2, into a diagonal matrix for each cluster.


[bookmark: _Ref53431098]Fig. 1: Block PTRS pattern with ZP tones: 7 tones per cluster and 6 ZP tones 
Based on our evaluations, we observed that the best BLER performance is obtained with block PTRS pattern with zero-power tones, however, the performance gap with the legacy PTRS pattern is relatively small. The main benefit from block PTRS pattern with ZP tones is to reduce the complexity of the ICI compensation. Given the timeline of Rel. 17, and the different views of the companies about whether or not to support block PTRS pattern, in addition to the differences of the block-based patterns under discussion, we believe that it will be extremely difficult to converge to a new design of the PTRS pattern in this release.  
[bookmark: o3]Proposal 1: Do not introduce new PTRS pattern (block-based pattern) for Rel. 17.
It is noteworthy that the ICI compensation algorithm may require a larger number of PTRS REs than CPE-only compensation and, thus, it may not be the case when the PTRS frequency density is low and the number of allocated RBs is small. In Fig. 3 and 4 and Table 6, we show the performance with different PTRS frequency densities for RB allocation 16 and 8, respectively. 
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Fig. 2: 16 RBs: Legacy PTRS with different K
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Fig. 3: 8 RBs: Legacy PTRS with different K
Table 1: CINR in dB achieving PDSCH iBLER of 10% ∕ 1%: 120kHz SCS, TDL-A 5ns DS, PTRS (L=1), Rank 1
	MCS
	RB allocation
	K=0.5
	K=1
	K=2
	K=4

	
	
	CPE compensation
	ICI compensation
	CPE compensation
	ICI compensation
	CPE compensation
	ICI compensation
	CPE compensation

	22
	8 RBs
	14.6/17.7
	14.0/16.6
	13.6/17.6
	13.7/16.4
	14.1/18.9
	18.9/-
	15.5/-

	
	16 RBs
	14.1/16.4
	13.4/15.7
	12.6/15.3
	12.5/14.6
	12.6/15.9
	13.0/15.2
	13.5/17.5

	24
	8 RBs
	19.6/-
	18.0/20.4
	16.5/20.6
	16.5/19.0
	16.7/21.9
	-/-
	18.2/-

	
	16 RBs
	20.7/-
	17.9/20.2
	16.3/19.3
	15.5/17.9
	15.9/19.7
	16.1/18.6
	17.0/21.3


[bookmark: o4]
Observation 1: For small RB allocation, e.g., 16 or 8 RBs, sending the PTRS over every RB, i.e., K=1, enhances the performance as it helps in having more accurate ICI filter calculations or CPE estimates. In addition, the performance is degraded when the density is increased with K=0.5 due to the large overhead and increase coding rate. 
Therefore, the PTRS enhancement for the high frequency regime may consider increasing the PTRS density when the number of allocated RBs is small. 
[bookmark: p1to3][bookmark: PTRS_proposal]Proposal 2: As PTRS enhancement for assisting ICI compensation, increasing the frequency domain density, of Rel. 15 PTRS, for small RB allocation can be considered.
DFT-s-OFDM
One of the agreements of RAN1 #106-e is to continue studying whether increasing the number of PTRS samples, with SC-FDM waveform, is needed for SCS 120kHz or not.  
	Agreement:
Further study and conclude on whether to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1) for DFT-s-OFDM by RAN1#106b.
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols
· FFS applicable to which RB allocation(s) if agreed to introduce (Ng = 16, Ns = 2, L = 1) and/or (Ng = 16, Ns = 4, L = 1)


Currently, Rel. 15 supports up to 32 samples per symbol (8 chunks each with 4 samples). We evaluate the performance with different numbers of PTRS samples. In addition to the legacy pattern, 32 samples (8 chunks each with 4 samples), we consider 64 samples (16 chunks each with 4 samples), 32 samples (16 chunks each with 2 samples). Table 2 contains the CINR points corresponding to 10%/1% BLER points with different PTRS patterns, and the curves are included in the appendix. 
Table 2: CINR in dB achieving PUSCH iBLER of 10% ∕ 1%: 120kHz SCS, PTRS (L=1), Rank 1, TDL-A 5ns DS
	MCS
	8 Chunks each with 4 samples
	16 Chunks each with 2 samples
	16 Chunks each with 4 samples

	
	64 RBs
	128 RBs
	256 RBs
	64 RBs
	128 RBs
	256 RBs
	64 RBs
	128 RBs
	256 RBs

	22
	13.6 / 18.0
	13.4 / 17.8
	14.1 / 18.1
	13.7 / 18.2
	13.7 / 18.1
	14.3 / 18.2
	14.0 / 18.7
	13.5 / 17.5
	13.4 / 17.9

	24
	16.0 / 21.1
	16.0 / 21.4
	16.9 / 21.8
	16.1 / 20.9
	15.9 / 21.0
	16.8 / 21.6
	16.4 / 22.3
	15.9 / 19.9
	16.1 / 21.2


[bookmark: o5]
Observation 2: For small RB allocation such as 64 RB, the legacy pattern (Ng = 8, Ns = 4, L = 1) is outperforming the other patterns. 
Observation 3: For 128 RB allocation, the gain from the new pattern (Ng = 16, Ns = 4, L = 1) can be observed at the tail of the BLER curve, while for 256 RB allocation, the gain from the new pattern (Ng = 16, Ns = 4, L = 1) can be observed at both 10% and 1% BLER points (~0.8 dB).
Observation 4: The performances of the legacy pattern (Ng = 8, Ns = 4, L = 1) and the new pattern (Ng = 16, Ns = 2, L = 1) are very close to each other for larger RB allocations 128 and 256 RBs 
[bookmark: p4]Therefore, we do not observe a significant gain from introducing new PTRS pattern. 
Proposal 3: Do not introduce new PTRS pattern for the SC-FDM waveform.
DMRS enhancements
In RAN1 #106-e, we had the following conclusion and agreement 
	Conclusion:
In Rel-17, for NR operation with 480 kHz and/or 960 kHz SCS, new DMRS pattern with increased frequency domain density is not supported.
Agreement:
· For 480 kHz and/or 960 kHz SCS, for rank 1 PDSCH at least with DMRS type-1, support a configuration of DMRS where the UE is able to assume that FD-OCC is not applied.
· Note: “FD-OCC is not applied” refers to the UE may assume that a set of remaining orthogonal antenna ports are not associated with the PDSCH to another UE, wherein the set of remaining orthogonal antenna ports are within the same CDM group and have different FD-OCC 
· FFS whether applies to DMRS type-2
· Down select between the following options for the indication to UE
· RRC configuration 
· antenna port(s) field in DCI scheduling the rank 1 PDSCH 



[bookmark: DMRS_proposal][bookmark: p6] As agreed, we need to signal to the UE, with rank 1 transmission, when it can assume that the remaining ports from the same CDM group, of its assigned DMRS port, are not used by another UE. Such signaling can be dependent on the channel conditions and the operating MCS, i.e., for low MCS values, such as QPSK and 16QAM modulations, the performance is less sensitive to channel estimation errors. Several options can be considered such as explicit signaling in the scheduling DCI or a rule can be defined to prevent FD-OCC for high MCS such as 64QAM modulation so that the UE can assume the FD-OCC is turned off when it is scheduled with such MCS. If the UE is configured with an RRC configuration that indicates whether the FD-OCC is either ON or OFF, not based on the MCS or channel conditions, then many multiplexing opportunities will be lost, as the performance hit due to orthogonality loss is only evident for the channels with high delay spread when operating with high MCS, e.g., 64QAM. The most efficient way will be conveying such information via the DCI, in the DMRS related field. The reserved entries in the DMRS antenna ports tables, e.g., 7.3.1.2.2.1-1, can be modified to indicate that the FD-OCC is OFF, and gNB will have the flexibility to assign different configurations based on the MCS, and the estimated channel conditions. 
Proposal 4: For DMRS enhancements, we support 
· Using antenna port(s) field in DCI scheduling the rank 1 PDSCH to indicate to the UE whether FD-OCC is ON/OFF
· Applying the same behavior for DMRS type-2
TRS enhancements 
SCS 480kHz and 960kHz will be supported for data transmission in the 52.6-71GHz band. Lower SCS, such as 120KHz can provide better coverage therefore, SCS 120KHz will be supported for SSB transmission, where 127 tones will be transmitted. The SSB timing granularity can be enhanced by using x2 oversampling, so that for SCS 120kHz, a timing granularity of 32.81ns can be achieved. Typically, the SSB timing error can be reduced down to n=6 chips, i.e., for 120kHz, we have timing error around 196.86 ns.  
The current NR supports TRS transmission to be used to enhance the time and the frequency tracking capabilities. In the legacy configuration of the TRS, three TRS tones are transmitted within the same RB, which gives TRS subcarrier spacing () of 4 tones. The TRS signals can be used to construct a time tracking loop (TTL), which can correct the timing errors as long as these errors are within its pull-in range, i.e.,  For a PDSCH with SCS 960KHz, the pull-in range is +/-130ns. Therefore, the TTL may not be able to correct the typical timing error resulted from the 120kHz SSB detection as it may be out of its pull-in range. This problem can be solved by increasing the density of the TRS tones in the frequency domain compared to the legacy configuration as shown in Fig. 4. With 6 TRS tones within the RB, =2, and the TTL pull-in range is doubled to +/-260ns, while with 12 TRS tones within the RB, , =1, and the TTL pull-in range is +/-520ns.


Fig. 4: Different Frequency densities for TRS 
In Fig. 5, we evaluate the performance with different timing offsets that can resembles the timing errors after SSB detection, +/- , +/- , and +/- . The PDSCH is with SCS 960KHz with 32 RBs (400MHz Bandwidth), over CDL-D channel with 20 ns delay spread. We considered different TRS frequency densities: =4 (legacy),  and 1. As the density increases ( decreases), we observe that the TTL can correct larger range of timing offsets.
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Fig. 5: TTL performance with different frequency densities for TRS with MCS 16: (a) 3 REs per RB (), (b) 6 REs per RB (), and (c) All REs in RB ()
Proposal 5: Introduce new TRS configuration with higher frequency densities, 6 or 12 tones per RB to increase the TTL pull-in range when SCS of SSB is lower than the SCS of the data transmission. 
Multi-PDSCH/PUSCH with single grant
In RAN1 #106-e, the following agreement was made
	Agreement:
If a scheduled PDSCH/PUSCH is dropped due to collision with UL/DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, HARQ process number increment is skipped for the PDSCH/PUSCH and applied only for valid PDSCH(s)/PUSCH(s).
· FFS: HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0.



There is a strong concern about making the HARQ process numbering dependent on the decoding of DCI format 2_0, as in case of misdetection of such DCI, the UE will consider scheduled PDSCHs/PUSCH in the collision with the flexible symbol that is configured to be UL/DL symbol by DCI format 2_0 as valid allocation and it will report their feedback which will lead to a mismatch in the codebook sizes between UE and gNB. Therefore, the UE should not expect to be configured by SFI via DCI format 2_0 that collides with a dynamic grant by DCI format 1_0 or 0_1. In other words, the UE will assume that flexible symbols available for PDSCH or PUSCH transmissions and the usual procedure will apply to HARQ process increment. 
Proposal 6: The UE always considers the flexible symbols available for PDSCH/PUSCH transmissions scheduled by DCI format 1_1 or 0_1. 
Maximum Number of PDSCHs/PUSCHs per single DCI
In RAN1 #106-e, we made the following agreement  
	Working assumption:
Scheduling multiple PDSCHs by single DL DCI applies to 120 kHz in addition to 480 and 960 kHz at least in FR2-2.
· FFS: Further limitations on maximum number of PDSCHs
Agreement:
· The maximum number of PDSCHs/PUSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 120, 480 and 960 kHz.
· FFS: Whether UE capability is introduced for restricting the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI




The multi-PUSCH scheduling is supported as one of the features for Rel. 16 in NR-U WI, where the SCS is 120 kHz or lower, and it was agreed to maximize the similarities between multi-PDSCH and multi-PUSCH designs, therefore, we believe that SCS 120kHz should be considered as well as SCS 480 and 960kHz for multi-PDSCH/PUSCH grants with as a single DCI. In addition, multi-PDSCH grants should help in reducing the UE processing time as it will reduce the frequent re-tuning of the UE hardware, e.g., the RF module. We had more discussion on the per-slot and multi-slot PDCCH monitoring in [3]. Also, supporting a multi-PDSCH grant may require the UE to buffer a significant amount of time domain samples especially with smaller SCS, e.g., 120kHz and 480kHz, thus the maximum number of PDSCHs/PUSCHs to be scheduled by the same DCI for these SCSs should be based on the UE capabilities, and it could be different number based on SCS.
[bookmark: p1_2]Proposal 7: Multi-PDSCH or multi-PUSCH scheduling with the same DCI should be applicable to 120kHz as well as 480 and 960kHz, though we don’t need to introduce multi-slot monitoring capability for 120kHz. 

Proposal 8: A UE capability to be defined per SCS, to indicate the maximum number of supported PDSCHs /PUSCHs per single DCI for SCS 120kHz and 480kHz, separately.
HARQ-ACK enhancements
In order to simplify the UE processing, we do not support allowing HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI to be carried by different PUCCHs. In addition, we do not believe there will be a significant reduction in the latency by allowing some of the PDSCHs to be feedbacked before the remaining PDSCHs scheduled by the same DCI, as the timeline N1 is expected to cover multiple slots for SCS 480kHz and 960kHz. For example, with 960kHz, N1 will be around 11 slots, using SCS 120kHz absolute timeline as a baseline. With 8 PDSCHs at maximum scheduled by the same DCI, the offset between any PDSCH reception and its feedback has to be larger than N1, i.e., 11 slots, i.e., counting this offset from a slot of PDCSH at the middle of the allocation or the slot of the last PDSCH will not lead to a significant reduction in the latency of the feedback. For example, if we allow the first 4 PDSCHs to be feedback separately before the last 4 PDSCHs, the first feedback will be transmitted at most 4 slots before the second feedback, this will count for ~56us latency enhancement for SCS 960kHz which is not significant. Therefore, we do not see a substantial gain from allowing the HARQ-ACK information corresponding to different PDSCHs scheduled by the same DCI to be carried by more than one PUCCH, especially when additional control overhead (more fields in DCI, and more PUCCH transmission) is needed to support the feature.

Proposal 9: All HARQ-ACK information corresponding to different PDSCHs scheduled by the same DCI to be carried by the same PUCCH.
Type-2 HARQ-ACK codebook enhancements 
Regarding type-2 HARQ-ACK codebook enhancements for multi-PDSCH scheduling, we reached the following agreements in RAN1 #106-e.  
	Agreement:
Adopt Alt 1 (C-DAI/T-DAI is counted per DCI) for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs.
Agreement:
Consider the following options to construct type-2 HARQ-ACK codebook when CBG operation is configured, and down-select to one of the following options in RAN1#106bis-e.
· Option 1: HARQ-ACK bits corresponding to CBG-based PDSCH reception and multi-PDSCH reception are merged into the same sub-codebook.
· Option 2: HARQ-ACK bits corresponding to CBG-based PDSCH reception and HARQ-ACK bits corresponding to multi-PDSCH reception are contained in separate sub-codebooks.
· Option 3: UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
· Note: Multi-PDSCH reception refers to the case where multiple PDSCHs are scheduled by a DCI that is configured with TDRA table containing at least one row with multiple SLIVs.




For Alt 1, with time domain bundling, a single codebook can be sufficient whenever all the feedback of the PDSCHs scheduled by the same DCI are combined into a single bit. In the case of two sub-codebooks, we need to have a fixed number of A/N bits per DCI to ensure proper alignment of gNB and UE sub-codebook sizes. Additional flexibility can be achieved by allowing different number A/N bits per multi-PDSCH grant, such that for each A/N occasion all the corresponding multi-PDSCH grants will have the same number of A/N bits, however, from one A/N occasion to another we can allow different numbers of A/N bits per grant. Similarly, if the time domain bundling is used, the bundling pattern can be changed from one A/N occasion to another. The time domain bundling pattern can be defined via RRC configuration or MAC-CE. For example, the number of A/N bits can be defined per grant and if the number of PDSCHs is less than the number of A/N bits, then zero-padding can be used to ensure equal codebook sizes, e.g., if the number of A/N bits per grant is 4, and only 3 PDSCHs were granted then the UE will add 0 to the feedback codebook. On the other hand, if the number of PDSCHs is greater than the number of A/N bits per DCI, then some of PDSCHs can be bundled together, e.g., if number A/N bits per grant is 4 and 8 PDSCHs were granted, then A/N of each two PDSCHs will be bundled together. A more dynamic approach can be by allowing the PDCCH to carry an explicit indication of the number of A/N bits for all upcoming grants within one A/N occasion. 

Proposal 10: For type-2 codebook, in the case of time domain bundling of A/N bits corresponding to PDSCHs scheduled by the same DCI into one bit, a single codebook should be defined at least if CBG operation is not configured.

Proposal 11: Allowing different numbers of A/N bits per multi-PDSCH grant, such that for each A/N occasion all the corresponding multi-PDSCH grants will have the same A/N bits, however, from one A/N occasion to another we can allow different number A/N bits per grant
· If time domain bundling is enabled, then the bundling pattern can be changed from one A/N occasion to another. 
· Time-domain bundling patterns to be defined via RRC configuration and the active pattern can be changed by MAC-CE or PDCCH.

As agreed in WI, the PDSCHs that overlaps with semi-static UL symbols will be skipped. Under certain configuration scenarios, we end up a DCI that schedule multiple PDSCHs, all of them except one are overlapping with semi-static UL symbols, i.e., only one PDSCH will be transmitted. In such scenarios, a reasonable design will feedback the survived PDSCH in sub codebook dedicated for fallback DCIs and single PDSCH grant scheduled by a DCI that can schedule multiple PDSCHs as this will reduce the feedback size. 

Proposal 12: If all PDSCHs scheduled by a DCI that schedules multi-PDSCHs (TDRA row has multiple SLIVs) except one PDSCH will not be transmitted due to overlap with semi-static UL symbols, then A/N bit of the valid PDSCH will be carried in the codebook of fallback and single-PDSCH grants.

Regarding the number of sub-codebooks when CBG operation is configured, we prefer to keep the maximum number of sub-codebooks as two, i.e., option 1 or 3, to reduce the complexity and the possibility of codebooks misalignment. Option 3 can be somewhat restrictive especially when different CCs in FR1/2 and FR2-2 are within same PUCCH cell group. Therefore, we support Option 1. 

Proposal 13: Regarding the construction of the HARQ codebook when CBG operation is configured, we support Option 1.   
DCI contents for multi-PDSCH grants 
For the remaining DCI contents for multi-PDSCH grants, the following working assumption was assumed in RAN1 #106-e.
	Working assumption:
For NR FR2-2, two codeword transmission is supported, subject to UE capability.
· RRC parameter configures whether two codeword transmission is enabled or disabled.
· FFS: Details on signaling of MCS/NDI/RV for the second TB in a DCI that can schedule multiple PDSCHs when two codeword transmission is enabled
· FFS: Whether unified or separate parameter to enable/disable 2-TB for single and for multiple PDSCH scheduling
· Strive to minimize the increase in the number of bits in the DCI needed to support this feature



In Rel. 15 and 16, in case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then a transport block is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block, otherwise the transport block is enabled [5, TS 38.214]. Similar rule is needed for the case of multi-PDSCH grants, however for such DCIs, for each PDSCH the rvid is a single bit filed, therefore directly mimicking Rel. 15 solution may be too restrictive. Suppose we have a DCI that scheduled 8 PDSCHs transmitted for the first time with MCS 26 and rvid=0 for each PDSCH, and the decoding fails. Then, for the retransmission, a reasonable choice would be choosing a different rvid so that the UE can benefit from the soft combining. Therefore, we believe that the combination of the MCS and the rvid to be used to indicate that the second TB is disabled should be very unlikely to happen in a normal scheduling scenario. For example, the rvid vector of the PDSCHs can be something like “1 0 1 0 1 0 1 0” or “0 1 0 1 0 1 0 1” in addition to define a specific MCS value, e.g., 26 to indicate that the second TB is disabled.

Proposal 14: To indicate that the second TB is disabled for a certain DCI that schedules multiple PDSCHs, use a combination of MCS and rvid such that rvid bit of PDCSH i-1 is the complement of the one of PDSCH i for i=1 : number of maximum PDSCHs -1.
[bookmark: p9]
Regarding the frequency hopping, with a single PUSCH grant both inter and intra-slot hopping should be supported similar to the legacy, while for more than one PUSCH, Rel. 16 does not support frequency hopping. Given the time frame for discussions, intra-slot hopping can be discussed for a multi-PUSCH grant with two or more PUSCHs where the hopping pattern can be repeated for all the granted slots. With larger SCS such as 960kHz, the symbol length may be very short, and the time needed for frequency retuning at each frequency hop may cause some performance loss due to missing a subset of the time domain samples. One solution can be by allowing only frequency hopping based on the gaps defined by the TDRA table, i.e., frequency hops occur over the gaps between the different repetitions.  

Proposal 15: Consider the impact of RF retuning delay on the frequency hopping when operating over larger SCS
· Frequency hopping discussion can be deprioritized 
TDRA for multi-PDSCH/PUSCH grants 
In RAN1 #106-e, the following agreement was reached

	Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots, by configuring {SLIV, mapping type, scheduling offset K0 (or K2)} for each PDSCH (or PUSCH) in the row of TDRA table.
· Note: Whether and how to reduce RRC overhead is left to RAN2.



The gap between two consecutive allocations should be defined, however, we need also to define the maximum span of the allocations granted by a single DCI.  For example, suppose the gap between two allocations is defined not to exceed two slots, then without specifying the total span of the allocations granted with the same DCI, a single DCI can schedule 8 PDSCHs that may span 22 slots. If we rely on the limitations imposed by K0/K2, i.e., maximum allowed value is 31, then we can end up with a single DCI that schedules multi-PDSCH grants which spans 32 slots, assuming same slot scheduling for the first PDSCH, i.e., K0=0, and K0=31 for the last PDSCH. To avoid this issue, a limit should be imposed on the maximum allocation including the gaps. There are several options to impose such limit. Option 1 can be defining a total gap limit, e.g., a total gap of x slots is allowed for any multi-PDSCH/PUSCH grant. Option 2 can be defining a maximum size of each gap, and a maximum number of gaps per grant. Option 3 can be defining the total allowed span, data allocations and the gaps, that can be granted by a single DCI. This total span can take multiple values based on the number of active SLIVs per DCI.  
Proposal 16: Define the maximum slot gap between any two SLIVs, it can be either SCS dependent or fixed values for all SCSs. 
Proposal 17: Define a maximum allowed span per single DCI as X slots, where X >= 8.
Regarding the number of SLIVs allowed to occupy the same slot, the following agreement was made in RAN1 #106-e
	Agreement:
· For single TRP operation, for 480/960 kHz SCS,
· FFS: A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· FFS: A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· FFS for multi-TRP operation
· Note: The optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17 (this does not preclude HARQ ACK bundling in time domain).
· The agreement made in RAN1#105-e is revised as follows.
	Agreement: (RAN1#105-e)
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots includes contains all the unique DL slots determined by considering all combinations of the configured K1 values and the configured rows of the TDRA tablethat can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least includecontains all the SLIVs for that slot determined by considering all combinations of the configured K1 values and the configured rows of the TDRA tablethat can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.
· The Rel-16 procedure is reused for determining the candidate PDSCH reception occasions for the set of SLIVs corresponding to each DL slot belonging to the set of DL slots
· Note: The Rel-16 procedure already handles pruning of multiple SLIVs corresponding to a DL slot, for both UEs that are and are not capable of receiving multiple PDSCHs per slot
· FFS: details of further pruning of the set of SLIVs
· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot
· FFS impact of time domain bundling, if supported





For SCS 480kHz and 960kHz, the slot durations are relatively very small, 31.25us and 15.625us, respectively. Therefore, we do not see a motivation to introduce a UE capability for receiving more than one PDSCH per slot or transmitting more than one PDSCH per slot for single TRP allocation for these new SCSs. 
Proposal 18: For single TRP operation, do not allow more than one PDSCH/PUSCH per slot for SCS 480kHz and 960kHz.
Before the RRC configuration, the TDRA is defined based on the default tables of PDSCH and PUSCH. The default tables of PDSCH have k0 with values 0 and 1, i.e., gNB can only schedule the UE within the same PDCCH slot or the next slot. For PUSCH default tables, the k2 values are limited based on the minimum PUSCH slot offset and it can take values j,j+1,j+2,j+3, where j depends on the SCS, i.e., gNB can only schedule the UE with PUSCH within 4 slots ahead from the minimum PUSCH scheduling offset. With multi-slot PDCCH monitoring, gNB should be able to schedule all the resources between any two adjacent PDCCH monitoring occasions. To do so, the ranges of the values of the slot offsets in the default TDRA tables need to be extended to the periodicity of the PDCCH monitoring. For example, if the UE will monitor the PDCCH every M slots, then the default TDRA tables should support slot offsets up to M-1. Therefore, the default TDRA tables need to be defined per each SCS for the new band. In addition, for the slots without PDCCH monitoring, the SLIV can be allowed to cover the whole slot, i.e., L=14.
[bookmark: p11]Proposal 19: Introduce new default TDRA PDSCH and PUSCH tables depending on the used SCS, e.g., 960kHz and 480kHz SCS, to be able to schedule all the resources between any two adjacent PDCCH monitoring occasions. The slot offsets in these tables should cover up to the PDCCH monitoring periodicity. For the slots without PDCCH monitoring, L=14 can be considered.  
As discussed in the scope of WI, scheduling a single TB that is repeated over multiple allocations is allowed in the new band.  To simultaneously support the ability to schedule a single TB to be repeated over multiple allocations and multiple TBs, with no repetitions, with the same TDRA table, a new signaling technique is needed. Either by modifying the TDRA table such that different rows can schedule either repetitions of the same TB, or multiple TBs without repetition or an additional bit in the DCI can indicate whether the scheduled allocations are corresponding to the same TB or different TBs. If the SLIVs have different lengths and the transmission mode will be a single TB with repetition, then a new rule is needed to determine which SLIV will be used for calculating the transport block size. For example, the TB size can be calculated either based on the shortest SLIV or the first SLIV.
Proposal 20: Support the ability to schedule a single TB to be repeated over multiple allocations and multiple TBs, with no repetitions, using the same DCI format. 
· FFS: signaling details and TB size calculations.
Timeline aspects
In RAN1 #106-e, the following agreements were made about the timeline for the new band.
	Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, value(s) for PDSCH processing time (N1) for PDSCH processing capability 1 and PUSCH preparation time (N2) are to be defined for PDSCH/PUSCH timing capability 1 only.
Agreement:
For NR operation with 480 kHz and/or 960 kHz SCS, only value(s) for CSI computation delay requirement 2 are to be defined.
· FFS: The specific values
Agreement:
For NR operation with 480 and 960 kHz SCS, adopt at least the values of N1, N2 and N3 as in the following tables for single and multi-PDSCH/PUSCH scheduling.
· Note: N1/N2 applies to any PDSCH/PUSCH for multi-PDSCH/PUSCH scheduling
· RAN1 to study (until RAN1#106b-e) and possibly introduce smaller values considering at least the following factors
· PDCCH monitoring capability
· Mix numerology scheduling
· Multi-PDSCH/PUSCH scheduling
· Cross-carrier scheduling
· Note: The decision for the number of HARQ processes should take this agreement into account.
Table 2-2.1 PDSCH processing time arrange for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
or if the higher layer parameter is not configured

	3 (120 kHz)
	20
	24

	5 (480 kHz)
	80
		96

	6 (960 kHz)
	160
	192


Table 2-2.2 PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	3 (120 kHz)
	36

	5 (480 kHz)
	144 

	6 (960 kHz)
	288


Table 2-2.3 Minimum gap between the second detected DCI and the beginning of the first PUCCH resources
	

	HARQ-ACK multiplexing timeline N3 [symbols]

	3 (120 kHz)
	20

	5 (480 kHz)
	80

	6 (960 kHz)
	160


Agreement:
For NR operation with 480 and 960 kHz SCS, adopt at least the values of Z1, Z2 and Z3 as in the following table for single and multi-PDSCH/PUSCH scheduling to maintain the same absolute time duration as that of 120 kHz SCS in FR2.
· Note: is UE reported capability beamReportTiming; KB3 and KB4 is UE reported capability beamSwitchTiming for 480 and 960 kHz SCS respectively.
· RAN1 to study (until RAN1#106b-e) and possibly introduce smaller values for CSI computation delay requirement
Table 2-4.  CSI computation delay requirement 2
	[image: ]
	Z1 [symbols]
	Z2 [symbols]
	Z3 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2
	Z3
	Z'3

	3
	97
	85
	152
	140
	min(97, X3+ KB2)
	X3

	5
	388
	340
	608
	560
	[min(388, X5+ KB3)]
	[X5]

	6
	776
	680
	1216
	1120
	[min(776, X6+ KB4)]
	[X6]






Regarding the timeline values, it will be difficult to introduce new values smaller than the agreed ones in RAN1 #106-e. Taking into account the fact that the timeline values need to cover all cases, including, for example, mix numerology scheduling, multi-PDSCH/PUSCH scheduling, and cross-carrier scheduling, the complexity does not seem be reduced for the new SCSs, 480kHz and 960kHz.
Proposal 21: Do not introduce smaller values for N1/N2/N3 and Z1/Z2/Z3.
[bookmark: p13]Based on the PDSCH processing timeline for the new SCS, i.e., 480kHz and 960kHz, it will be needed to extend the range of values of K1 for both the default and RRC configured values. Since the absolute timeline for 120kHz is applied to 480kHz and 960kHz, where N1 is 20 symbols for frontloaded DMRS, then N1 for 480kHz and 960kHz can cover around 80 and 160 symbols, respectively. Before RRC configuration, the K1 values for fallback DCI are {1,2,3,4,5,6,7,8}, the maximum value 8 can be shorter than the N1 timeline for the new SCS. In addition, for RRC configuration, K1 ranges up to 15 slots, but most of the values within the range will be less than the N1 values for 480kHz and 960kHz. Therefore, the values of K1 should be revisited based on the PDSCH timeline. One simple solution could be shifting the values of K1 based on the N1 value, e.g., shift range by floor(N1/14).  Similarly, the j values in Tables 6.1.2.1.1-2 and 6.1.2.1.1-3 [5, TS 38.214], PUSCH default TDRA tables, need to take into account the new values for N2, for example choose j as ceil(N2/14), i.e., 11 and 21 for 480kHz and 960kHz, respectively.

Proposal 22: Shift the range of K1, RRC configured and the default ones before RRC configuration, by floor(N1/14) for SCS 480kHz and 960kHz and choose the j values for PUSCH default TDRA tables as ceil(N2/14).

Conclusion
Observation 1: For small RB allocation, e.g., 16 or 8 RBs, sending the PTRS over every RB, i.e., K=1, enhances the performance as it helps in having more accurate ICI filter calculations or CPE estimates. In addition, the performance is degraded when the density is increased with K=0.5 due to the large overhead and increase coding rate. 
Observation 2: For small RB allocation such as 64 RB, the legacy pattern (Ng = 8, Ns = 4, L = 1) is outperforming the other patterns. 
Observation 3: For 128 RB allocation, the gain from the new pattern (Ng = 16, Ns = 4, L = 1) can be observed at the tail of the BLER curve, while for 256 RB allocation, the gain from the new pattern (Ng = 16, Ns = 4, L = 1) can be observed at both 10% and 1% BLER points (~0.8 dB).
Observation 4: The performances of the legacy pattern (Ng = 8, Ns = 4, L = 1) and the new pattern (Ng = 16, Ns = 2, L = 1) are very close to each other for larger RB allocations 128 and 256 RBs 
Proposal 1: Do not introduce new PTRS pattern (block-based pattern) for Rel. 17.
Proposal 2: As PTRS enhancement for assisting ICI compensation, increasing the frequency domain density, of Rel. 15 PTRS, for small RB allocation can be considered.
Proposal 3: Do not introduce new PTRS pattern for the SC-FDM waveform.
Proposal 4: For DMRS enhancements, we support 
· Using antenna port(s) field in DCI scheduling the rank 1 PDSCH to indicate to the UE whether FD-OCC is ON/OFF
· Applying the same behavior for DMRS type-2
Proposal 5: Introduce new TRS configuration with higher frequency densities, 6 or 12 tones per RB to increase the TTL pull-in range when SCS of SSB is lower than the SCS of the data transmission. 
Proposal 6: The UE always consider the flexible symbols available for PDSCH/PUSCH transmissions scheduled by DCI format 1_1 or 0_1.
Proposal 7: Multi-PDSCH or multi-PUSCH scheduling with the same DCI should be applicable to 120kHz as well as 480 and 960kHz, though we don’t need to introduce multi-slot monitoring capability for 120KHz. 

Proposal 8: A UE capability to be defined per SCS, to indicate the maximum number of supported PDSCHs/PUSCHs per single DCI for SCS 120kHz and 480kHz, separately.
Proposal 9: All HARQ-ACK information corresponding to different PDSCHs scheduled by the same DCI to be carried by the same PUCCH.
Proposal 10: For type-2 codebook, in the case of time domain bundling of A/N bits corresponding to PDSCHs scheduled by the same DCI into one bit, a single codebook should be defined at least if CBG operation is not configured.
Proposal 11: Allowing different numbers of A/N bits per multi-PDSCH grant, such that for each A/N occasion all the corresponding multi-PDSCH grants will have the same A/N bits, however, from one A/N occasion to another we can allow different number A/N bits per grant
· If time domain bundling is enabled, then the bundling pattern can be changed from one A/N occasion to another. 
· Time-domain bundling patterns to be defined via RRC configuration and the active pattern can be changed by MAC-CE or PDCCH.
Proposal 12: If all PDSCHs scheduled by a DCI that schedules multi-PDSCHs (TDRA row has multiple SLIVs) except one PDSCH will not be transmitted due to overlap with semi-static UL symbols, then A/N bit of the valid PDSCH will be carried in the codebook of fallback and single-PDSCH grants.
Proposal 13: Regarding the construction of the HARQ codebook when CBG operation is configured, we support Option 1.   
Proposal 14: To indicate that the second TB is disabled for a certain DCI that schedules multiple PDSCHs, use a combination of MCS and rvid such that rvid bit of PDCSH i-1 is the complement of the one of PDSCH i for i=1 : number of maximum PDSCHs -1.
Proposal 15: Consider the impact of RF retuning delay on the frequency hopping when operating over larger SCS
· Frequency hopping discussion can be deprioritized 
Proposal 16: Define the maximum slot gap between any two SLIVs, it can be either SCS dependent or fixed values for all SCSs. 
Proposal 17: Define a maximum allowed span per single DCI as X slots, where X >= 8.
Proposal 18: For single TRP operation, do not allow more than one PDSCH/PUSCH per slot for SCS 480kHz and 960kHz.
Proposal 19: Introduce new default TDRA PDSCH and PUSCH tables depending on the used SCS, e.g., 960kHz and 480kHz SCS, to be able to schedule all the resources between any two adjacent PDCCH monitoring occasions. The slot offsets in these tables should cover up to the PDCCH monitoring periodicity. For the slots without PDCCH monitoring, L=14 can be considered.  
Proposal 20: Support the ability to schedule a single TB to be repeated over multiple allocations and multiple TBs, with no repetitions, using the same DCI format. 
· FFS: signaling details and TB size calculations.
Proposal 21: Do not introduce smaller values for N1/N2/N3 and Z1/Z2/Z3.
Proposal 22: Shift the range of K1, RRC configured and the default ones before RRC configuration, by floor(N1/14) for SCS 480kHz and 960kHz and choose the j values for PUSCH default TDRA tables as ceil(N2/14).
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Appendix
The link-level evaluation results as per the agreements on the simulation methodology and assumptions in RAN1 #104-e. Some of the key parameter settings for the link-level evaluation are listed in the table below, yet the complete set of parameters are available in [8]. 
[bookmark: _Ref47394695]Table 3: Link-level simulation parameters
	Parameters
	Values

	Carrier frequency
	60 GHz

	Antenna config (CDL)
	Config 1
	(Mg,Ng,M,N,P) = (1,1,8,16,2) @gNB
(Mg,Ng,M,N,P)=(1,1,4,4,2) @UE

	Doppler
	167Hz (3km/h at 60GHz)

	Channel Model and pre-beamforming DS
	TDL-A with 5ns/10ns delay spread
CDL-B with 20ns/50ns delay spread

	Phase noise mask
	3GPP TR 38.803, example 2 (BS and UE)

	SCS/Bandwidth
	120kHz/400MHz (256RBs)
 480kHz/1600MHz (256RBs)
960kHz/2000MHz (160RBs)

	CP config
	Normal CP

	PDSCH/PUSCH symbol index
	(S=2, L=12)

	PDSCH/PUSCH waveform
	CP-OFDM for PDSCH
DFT-s-OFDM for PUSCH

	DMRS symbol index
	2 (front-loaded) for 1 DMRS 

	MCS
	MCS Table 1 (TS 38.214)



[image: ]
 Fig. 6: DFT-s-OFDM: MCS 22, TDL-A channel with 5ns DS, different PTRS patterns and RB allocations
[image: ] 
Fig. 6: DFT-s-OFDM: MCS 24, TDL-A channel with 5ns DS, different PTRS patterns and RB allocations
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