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At the RAN1#104e meeting, the following agreements were made for PDSCH and PUSCH enhancement for extending NR to up to 71GHz [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:
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:
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:
· 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. 
[bookmark: _Hlk67293658]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.
In this contribution, we present our view on PDSCH and PUSCH enhancements, with primary focus on maximum/minimum supported bandwidth for PDSCH/PUSCH, multi-TTI scheduling, and potential enhancements to PTRS and DMRS. 
Multi-TTI Scheduling for PDSCH and PUSCH
[bookmark: _Hlk61590282]Multi-PUSCH scheduling 
For system operating between 52.6GHz and 71GHz carrier frequency, when a large subcarrier spacing, e.g., 480kHz or 960kHz is used, symbol and slot duration is very short, which may pose certain constraint for scheduler implementation. To alleviate scheduler constraint and relax higher layer processing burden, it is more desirable to consider a prolonged scheduling unit. More specifically, multi-TTI based scheduling can be employed, where one PDCCH can be used to schedule multiple PDSCHs or PUSCH carrying independent TBs. Based on this mechanism, scheduler implementation and higher layer processing burdened can be relaxed, while maintaining same peak data rate.
At the RAN1#104e meeting, it was agreed that multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17. It is FFS whether additional enhancements are needed for scheduling PUSCHs for system operating between 52.6GHz and 71GHz carrier frequency [1]. 
For higher carrier frequency, it is envisioned relatively large transport block size can be supported even in case when more than one PDSCHs or PUSCHs are scheduled, which can help achieve much higher data rate. In this regard, CBG based operation for multi-PUSCH scheduling is beneficial in term of improving overall system level spectrum efficiency, given the fact that unused resources which are released from the correctly received data can be allocated for other DL or UL transmission. Hence, in our view, it is more desirable to support CBG based operation for multi-PUSCH scheduling. Further, in order to avoid DCI payload size increase, maximum number of PUSCHs can be 2 for CBG based scheduling. In addition, the number of CBGs for a PUSCH can be configured as 4.   
For multi-PUSCH scheduling in Rel-16, continuous time domain resource allocations for scheduled PUSCHs were defined, which can help avoid unnecessary LBT for NR-U. This mechanism may need to be enhanced in Rel-17 when analog beam is employed for system operating above 52.6GHz carrier frequency. In particular, it may be more desirable to support Alt. 2, i.e., non-continuous time domain resource allocation so as to allow multiple uplink transmissions from different UEs and different beam directions to be multiplexed in a same COT, and hence improve the system level spectrum efficiency. Figure 1 illustrates one example of non-continuous TDRA for multi-PUSCH scheduling. 
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[bookmark: _Ref67564920]Figure 1. Non-continuous TDRA for multi-PUSCH scheduling 
Further, given the fact that contiguous frequency domain resource allocation for uplink transmission is considered for system operating between 52.6GHz and 71GHz carrier frequency, intra-slot frequency hopping can be supported in order to exploit the benefit of frequency diversity. In addition, enhancement on FDRA, e.g., by increasing RBG size or changing allocation granularity may not be needed as relatively small number of PRBs for resource allocation can be possible for higher carrier frequency. 
As defined in Rel-16 multi-PUSCH scheduling, when two PUSCHs are scheduled by a DCI, A-CSI is transmitted on the last PUSCH. Further, when more than two PUSCHs are scheduled by a DCI, A-CSI is transmitted on the penultimate scheduled PUSCH. In our view, given the fact that PUSCH transmission is also subject to LBT operation for system operating between 52.6GHz and 71GHz carrier frequency, same mechanism for A-CSI transmission on PUSCH can be reused for Rel-17 multi-PUSCH scheduling. 
Proposal 1
· [bookmark: _Hlk67293649]For multi-PUSCH scheduling, 
· Support Alt. 2 for TDRA, i.e., non-continuous resource in time for scheduled PUSCHs.
· Support CBG based scheduling when 2 PUSCHs are scheduled.
· Support intra-slot frequency hopping for scheduled PUSCHs.
· Do not support enhancement on CSI request. 
· Do not support enhancement on FDRA.

Multi-PDSCH scheduling 
Similar to multi-PUSCH scheduling as mentioned above, it may be desirable to support both TB based and CBG based transmission for scheduled PDSCHs for multi-PDSCH scheduling. Further, to avoid excessive HARQ-ACK feedback bits for multi-PDSCH scheduling, number of PDSCHs scheduled by a single DCI can be limited. Following the similar design principle as multi-PUSCH scheduling, maximum number of PDSCHs for TB based scheduling can be limited to 8, while for CBG based scheduling, maximum number of PDSCHs can be 2. For the latter case, the number of CBGs for a PDSCH can be configured as 4. 
Proposal 2
· For multi-PDSCH scheduling, supported both TB and CBG based scheduling.
· Maximum number of PDSCHs for TB based scheduling is 8
· Maximum number of PDSCHs for CBG based scheduling is 2.

For time domain resource allocation of multiple PDSCHs, separate starting symbol and length of symbols for each slot can be configured as part of TDRA, which can provide maximal flexibility on PDSCH scheduling. This can also enable dynamic switching between single-PDSCH and multi-PDSCH scheduling. For instance, when single SLIV is configured in one entry of TDRA, gNB may indicate this TDRA to schedule single TB transmission.  
Depending on the configuration and scheduling decision, multiple PDSCHs may be allocated in non-consecutive manner in time. In this case, gNB may schedule other DL transmission for different UEs between multiple PDSCHs, which can help in addressing blocking issues. Note that number of PDSCHs for multi-PDSCH scheduling can be implicitly derived based on the number of indicated SLIVs in TDRA, which can help reduce signalling overhead. 
To reduce DCI size for multi-PDSCH scheduling, some fields in the DCI can be commonly applied for the transmission of scheduled PDSCHs. For instance, same carrier indicator, BWP indicator, frequency domain resource allocation, MCS, DMRS configuration including antenna port, DMRS sequence initialization, etc., can be applied for all the scheduled PDSCHs. 
Further, a bitmap can be considered for the indication of NDI and RV for different PDSCHs, where the bitmap size can be determined based on the number of scheduled PDSCHs. In order to indicate the HARQ process ID for the scheduled PDSCHs, similar mechanism as defined for multi-PUSCH scheduling can be reused, i.e., HARQ process ID for each PDSCH is determined based on the indicated HARQ process ID in the DCI for multi-PDSCH scheduling and incremented by 1 for subsequent PDSCHs. For PUCCH carrying HARQ-ACK feedback, single TPC command and PUCCH resource indicator can be included in the DCI for multi-PDSCH scheduling. 
Proposal 3
· For multi-PDSCH scheduling 
· Separate SLIVs are configured for each PDSCH as part of TDRA configuration. Number of PDSCHs is determined based on the number of SLIVs.
· Carrier indicator, BWP indicator, frequency domain resource allocation, MCS, DMRS configuration including antenna port, DMRS sequence initialization, etc., can be applied for all the scheduled PDSCHs.
· HARQ process ID for each PDSCH is based on the indicated HARQ process ID in the DCI and increased by 1 for subsequent PDSCHs. 
· NDI and RV bitmap for each scheduled PDSCH is included in the DCI. 

HARQ-ACK feedback
At the RAN1#104e meeting, three alternatives were agreed for type-2 HARQ-ACK codebook construction and will be down-selected in the upcoming meeting. More specifically, it is FFS whether C-DAI/T-DAI is counted per DCI, per PDSCH or a group of PDSCHs [1]. 
Alt. 1 is based on existing mechanism as defined in Rel-15 where C-DAI and T-DAI is counted per DCI. The 2 bits for a DAI enable UE to identify the missing of up to 3 consecutive PDCCHs. The same number of HARQ-ACKs are associated with each PDCCH so that the position of HARQ-ACK bits that associates with a PDCCH can be identified by C-DAI. Therefore, if different number of PDSCHs can be scheduled by different PDCCHs, the maximum number of configured HARQ-ACK bits per PDCCH have to be reported for each PDCCH. 
For Alt. 2, depending on the maximum number of PDSCHs that can be supported for multi-PDSCH scheduling, the number of bits for C-DAI and T-DAI needs to be increased accordingly, in order to allow UE to identify the missing of up to 3 consecutive PDCCHs. For instance, when maximum 8 PDSCHs are supported for multi-PDSCH scheduling, 5 bits are needed for C-DAI and T-DAI, respectively. If NR-U HARQ transmission with two PDSCH groups are configured with T-DAI present in DCI for both two groups, the overhead of DAI in DCI is 15 bits. On the other hand, since C-DAI is a counter of PDSCHs, the HARQ-ACK codebook size can be determined by the exact number of PDSCHs, which minimize the overhead for HARQ-ACK report. 
Alt. 3 can achieve a trade-off between Alt.1 and Alt. 2. For example, assuming maximum 8 PDSCHs are supported for multi-PDSCH scheduling and M equals to 4 or 2, the size of DAI can be 3 or 4bits, respectively, which enables UE to identify the missing of up to 3 groups. On the other hand, the granularity for HARQ-ACK feedback must be a group of PDSCHs. In conclusion, Alt. 3 provides reduced DAI overhead in DCI compared to Alt. 1, however, it results in larger payload size of HARQ-ACK than Alt. 2. 
In our view, Alt. 1 should be baseline for the current design since it maximizes the reuse of existing Type2 HARQ-ACK codebook in Rel-15. If a clear scenario for overhead reduction of HARQ-ACK transmission is identified, Alt 2 is preferred than Alt 3 given the fact that Alt 2 maximizes the benefit of uplink overhead reduction. 
Proposal 4
· For type-2 HARQ-ACK codebook generation, Alt. 1 is supported. 

For system operating between 52.6GHz and 71GHz carrier frequency, when 480kHz or 960kHz subcarrier spacing is employed, slot or one PDSCH transmission can be very short. For instance, slot duration for 960kHz subcarrier spacing is approximately 15.60µs. This indicates that consecutive PDSCHs may very likely experience similar channel conditions. In this case, for HARQ-ACK feedback of multi-PDSCH scheduling, it may be more desirable to consider time domain bundling of HARQ-ACK feedback, which can also help in reducing the HARQ-ACK codebook size. Figure 2 illustrates one example of time-domain bundling of HARQ-ACK feedback. In the figure, it is assumed bundling size of 2 slots for HARQ-ACK feedback. 
[image: ]
[bookmark: _Ref61588745]Figure 2. Time-domain bundling of HARQ-ACK feedback
The Type2 HARQ-ACK codebook consists of two sub-codebooks. The first sub-codebook is used for the case that one or two HARQ-ACKs is reported per PDCCH. In Rel-15, a TB-based HARQ-ACK feedback is included in the first sub-codebook. On the other hand, more than 2 bits per PDCCH applies in the second sub-codebook.  
When CBG based transmission is configured, HARQ-ACK feedback for multi-PDSCH scheduling can be included in the second sub-codebook, considering the similarity between multi-PDSCH scheduling and CBG based transmission. 
Further, when CBG based transmission is not configured, HARQ-ACK codebook construction may depend on the number of PDSCHs scheduled by the DCI. More specifically, when up to two PDSCHs are scheduled, HARQ-ACK feedback for multi-PDSCH scheduling can be included in the first sub-codebook, which can avoid the necessary zero padding if it is included in the second sub-codebook and thereby reduce the HARQ-ACK codebook size. Note that when the number of PDSCHs scheduled by the multi-TTI DCI is greater than 2, HARQ-ACK feedback for multi-PDSCH scheduling can be included in the second sub-codebook.
Proposal 5
· For multi-PDSCH scheduling, 
· Time domain bundling of HARQ-ACK feedback is supported. 
· If CBG based transmission is configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in the first sub-codebook.
· If CBG based transmission is not configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in 
· the first sub-codebook if up to two PDSCHs are scheduled;
· otherwise, the second sub-codebook. 

 Potential Enhancements for DMRS
In NR, DMRS utilizes frequency domain OCC to multiplex DMRS ports within the same resource elements. Even if the UE is receiving the transmission using Rank 1, the UE needs to de-spread the OCC before channel estimation since the UE is not aware of whether other UEs are multiplexed in the same resources using an orthogonal DMRS port or not. Therefore, the UE will need to always assume that there may be multiple DMRS ports multiplexed when processing DMRS for channel estimation.
The orthogonality of the OCC only works when there is no channel variation across the two REs with OCC. For smaller subcarrier spacing, this is typically not an issue as even with severe channel delay spreads, the channel is relatively flat and channel estimation can be performed with minimal performance loss. For larger subcarrier spacing, the channel become wide enough that there is some channel selectivity across the OCC REs, and this starts to impact high order modulation reception, where good channel estimation is required.
Figure 3 shows PDSCH performance with and without frequency domain OCC being enabled for DMRS Type-1. For higher order modulation such as 64QAM (MCS 22), we can clearly see the performance drop when OCC is enabled. The performance gap increases when channel delay spread increases. Therefore, it is evident that performance loss is stemming from the de-spreading of the OCC when the channel selectivity is relatively high.
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[bookmark: _Ref53790019]Figure 3. PDSCH BLER comparison with and without frequency domain OCC in DMRS

In order to overcome the described performance degradation for 480 kHz and 960 kHz, some modification of the UE assumption on DMRS port multiplexing could be considered to avoid the necessity of doing OCC de-spreading every time before channel estimation. In particular, it’s proposed to indicate to UE that CDM groups, signaled in scheduling DCI, do not contain potential co-scheduled DMRS ports.
In DCI Format 1_1/1_2, there is a bit field to indicate DMRS antenna ports [2]. The codepoints of the bit field correspond to entries in Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A [2] which define the DMRS port ordering, the number of CDM groups without data, etc. Some of the codepoints are reserved. The reserved codepoints can be used to dynamically indicate to UE that there are no co-scheduled DMRS ports and, therefore, the OCC de-spreading operation at the Rx side is not needed. At least, this can be done for the most critical case of DMRS Type-1 and maxLength=1 by updating Table 7.3.1.2.2-1, as exemplified in Table 3‑1, and Table 7.3.1.2.2-1A (used in multi-TRP scenarios), as exemplified in Table 3‑1.
For DMRS Type-1 and maxLength=2, corresponding Tables 7.3.1.2.2-2/2A have only one and zero reserved codepoints, respectively. In this case, one option could be to add one bit to the DMRS antenna ports bit field of DCI Format 1_1/1_2 and use this bit to indicate the absence of co-scheduled DMRS ports within the same CDM group. However, the configuration of DMRS Type-1 and maxLength=2 is typically used to provide higher order MIMO transmission with up to 8 layers which seems to be not the main usage mode of NR extension from 52.6 GHz up to 71 GHz where the most usual MIMO scheme assumes up to 2 layers. Additionally, such a high order MIMO transmission mode would anyway require very good channel conditions with low channel selectivity to provide robust Rx processing for error-less reception of up to 8 MIMO layers.
For DMRS Type-2, corresponding Tables 7.3.1.2.2-3/4 and Tables 7.3.1.2.2-3A/4A have enough reserved codepoints which potentially could be used to indicate no co-scheduled DMRS ports. At the same time, for DMRS Type-2 the issue with channel selectivity and OCC de-spreading is less pronounced because the DMRS REs within the same OCC are close to each other and are not separated by another RE as in DMRS Type-1 where comb-2 pattern is used. Therefore, it’s proposed to signal in scheduling DCI that CDM groups do not have potential co-scheduled DMRS ports at least for DMRS Type-1 and maxLength=1.
[bookmark: _Ref68189735]Table 3‑1. Updated Table 7.3.1.2.2-1 [2]. Modifications are highlighted with red color.
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12
	1
	0, no co-scheduled DMRS ports

	13
	2
	0, no co-scheduled DMRS ports

	14
	2
	2, no co-scheduled DMRS ports

	15
	2
	0,2, no co-scheduled DMRS ports


[bookmark: _Ref68194254]Table 3‑2. Updated Table 7.3.1.2.2-1A [2]. Modifications are highlighted with red color.
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12
	2
	0,2,3

	13
	2
	0, no co-scheduled DMRS ports

	14
	2
	2, no co-scheduled DMRS ports

	15
	2
	0,2, no co-scheduled DMRS ports



Proposal 6: Indicate to UE that CDM groups, signaled in scheduling DCI, do not contain potential co-scheduled DMRS ports at least for DMRS Type-1 and maxLength=1.
Proposal 7: Use the reserved codepoints from Tables 7.3.1.2.2-1/1A to signal DMRS port(s) without co-scheduled DMRS ports within the same CDM group as given in Table 3‑1 and Table 3‑2.

As can be seen from the results in Figure 3, the current DMRS pattern with OCC can work for modest MCS. And when OCC de-spreading operation is not required (i.e., switched off), the current DMRS pattern provides satisfactory performance even for high-order MCS. Therefore, the necessity to introduce new DMRS patterns is questionable.

Proposal 8: Do not introduce new DMRS patterns for NR extension from 52.6 GHz up to 71 GHz.

Potential Enhancements for PT-RS
Rel-15 PTRS pattern performance evaluations
[bookmark: _Hlk68674042]In RAN1#102-e meeting the use of advanced phase noise compensation techniques (denoted as de-ICI receiver processing [3]) was presented. While having higher computational complexity of both de-ICI filter estimation and the data filtering itself, this PN compensation technique outperforms the conventional CPE compensation in most of the scenarios. Another advantage of the direct de-ICI filtering is its ability to operate with the existing NR Rel-15 PTRS pattern. However, as we previously stated [4], there are some important scenarios where Rel-15 PTRS pattern faces the limitations, even when used in together with de-ICI filtering.
The first one is the scenario with a small frequency domain allocation size, in which a good estimation of de-ICI filter components is difficult due to the small number of PTRS tones available. Yet supporting several PRB allocations on physical layer is critical for overall system efficiency, since it’s widely used for higher-layer control messages and small data packet transfers.
The second obviously important scenario is the peak data rate case, in which the highest available MCSs and ranks are used. Since the operating SNR is very high (~20-30dB), the high frequency PN components become the performance bottleneck. In order to compensate it, a long de-ICI filter (7 or more taps) is needed, which results in extraordinary amount of increase in receiver complexity.
In the sections below we discuss these two scenarios in more detail and provide the performance evaluation of de-ICI algorithm with NR Rel-15 PTRS pattern.
Small FDRA scenarios
The first issue is inability to perform de-ICI processing when resource allocation sizes are small, and number of PTRS tones in the frequency domain shrink. The de-ICI technique depends on statistical averaging of many PTRS and adjacent data tones to construct the ICI covariance matrix. If only few samples are available, even if the SNR of the reception is high such that we are able to cleanly estimate the phase noise on the PTRS tones, it may not be possible to construct the ICI covariance matrix. In the extreme case, if only 1 or 2 PTRS tones are available in the frequency domain, it will not be possible to compute the inverse of the ICI covariance matrix as it will be guaranteed to be rank deficient and therefore inverse does not exist.
The possible solution for this issue is PTRS frequency density increase. So, we have evaluated the performance of de‑ICI algorithm with both the existing (K=2, 4) and the increased (K=0.5, 1) PTRS densities (see Figure 4 and Figure 5).
[image: ]
[bookmark: _Ref68647313]Figure 4. PDSCH BLER performance with FDRA of 4-32 PRB, Rank 1 Tx
[bookmark: _Hlk68679708][image: ]
[bookmark: _Ref68647315]Figure 5. PDSCH required SNR performance in small FDRA scenario, Rank 1 Tx
It can be seen that with the existing PTRS densities K ≥ 2 Rank 1 Tx can’t support allocations below 12 PRB (Figure 4 and Figure 5). Having K=1 helps with 8 PRB, while K=0.5 allows to support 4 PRB. Moving to the higher SNR region with Rank 2, the algorithm begin to lack the de-ICI filter length, so no PTRS density increase can allow the support of 32 PRB allocation (Figure 6).
[image: ]
[bookmark: _Ref68647348]Figure 6. PDSCH BLER performance with FDRA of 4-32 PRB, Rank 2 Tx

Observation 1:	the PTRS frequency densities currently specified in NR don’t allow to support 64QAM for allocations <12 PRB (Rank 1) and ≤32 PRB (Rank 2).
[bookmark: _Hlk68681152]Observation 2:	K=1 allows the support of FDRA down to 8 PRB with for Rank 1 64QAM Tx.
Observation 3:	K=0.5 allows the support of FDRA down to 4 PRB with Rank 1 64QAM Tx.
Increasing the PTRS frequency density could be the simplest solution to enable reasonable performance under phase noise impairment in the small FDRA scenario. Based on the observations and analysis, we propose the following:
Proposal 9:	NR to support new PTRS frequency densities K=0.5, 1.

Peak data rate scenarios
The second issue is that compensating the higher frequency PN components with a reasonably low-complex de-ICI filter doesn’t seem to be possible. So, in the SNR region where the residual power at the edge of PN spectrum become comparable to the additive noise power, the BLER curves shows error floors. We have evaluated this scenario using high data rate 64QAM transmission (MCS25-27) with ranks 1 & 2.
It can be seen fromFigure 7, that 3-tap de-ICI filter doesn’t allow to support peak data rate scenario at all, neither with rank 1 nor rank 2. 5-tap filter unlocks MCS 25, 7-tap filter – MSC 26 with rank 1 Tx. Rank 2 Tx with high MCSs cannot be supported with de-ICI filter only. Figure 8 highlights that increasing PTRS frequency density don’t help in peak data rate scenario – conversely, it degrades the performance due to higher overhead. That is because the performance is limited by the operating bandwidth of PN compensation (which corresponds to the number of the filter taps in de-ICI case), not the compensation quality within the bandwidth. Since increasing the number of filter taps beyond 5-7 would result in significant complexity increase for the receiver implementation, some other means of increasing the operating bandwidth of PN compensation need to be studied. Based on our analysis, it seems MCS > 24 cannot be supported with rank 2 without the changes in PTRS structure and/or improvements in Rx processing.
[image: ][image: ]
Figure 7. PDSCH BLER performance with MCS25-27, rank 1 Tx (left) & rank 2 Tx (right)
[image: ] [image: ]
[bookmark: _Ref68649089]Figure 8. PDSCH required SNR performance in peak data rate scenario, rank 1, SCS120kHz (left), 960kHz (right)
[bookmark: _Hlk68647787]Observation 4:	7 tap de-ICI filter doesn’t allow to support MCS>26 with rank 1 Tx and MCS>24 with rank 2 Tx. 
Proposal 10:	Study the means of supporting MCS>24 with rank 2 Tx with advanced phase noise compensation techniques while factoring into account receiver processing complexity.
In case no such means will be found by RAN1, supporting Rank 2 with 64QAM may need to be an optional UE feature.
1.1 Phase noise-robust CBs mapping for DFT-s-OFDM
Grouped PTRS samples are added before transform precoding (DFT) to compensate phase noise impact in NR UL.  sample groups are distributed over pre-DFT domain to capture time variation of PN, while  samples within a group are intended to improve CPE estimation quality for that group. Five PTRS patterns are currently supported in NR (see Figure 9).
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[bookmark: _Ref68640447]Figure 9. NR UL PTRS patterns (per DFT-s-OFDM symbol)
PN estimation error is unequally distributed within a DFT-s-OFDM symbol. If the gap between PTRS groups is comparable to the typical time variation of PN, the quality of CPE compensation at a sample significantly depends on the distance to the closest PTRS group. So, the samples in a middle between the groups get worse PN compensation than the other ones. A DFT‑s‑OFDM symbol is often shared between several code blocks (CBs) of a transport block (TB). So, the PN compensation performance may be different among the CBs depending on the location of their corresponding data samples. 
Figure 6 provides the examples of the possible data and PTRS samples mapping together. The current NR specifies CBs concatenation on a bit level to form a TB together with TB CRC. Given the consecutive mapping of modulated QAM symbols to DFT-s-OFDM samples, the data samples corresponding to different CBs are also concatenated consequently. With certain PTRS patterns it may cause some CBs to suffer from PN more than the others. In the left example below CB0 and CB2 usually get better CPE compensation than CB1. This systematic unbalance between CBs BLERs increases TB BLER.
[bookmark: _Hlk68654575]Observation 5:	Unequal distribution of PN estimation error among DFT-s-ODFM samples may lead to systematic unbalance between code blocks’ BLERs.
In the right example the data samples corresponding to different CBs are interlaced. The interlacing may be done on QAM symbol level within each DFT-s-OFDM symbol or a group of DFT-s-OFDM symbols. An illustration of the interlacing is shown in Figure 10. In this case the PN estimation error is equally distributed among the CBs, so there is no systematic unbalance between CBs BLERs.
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[bookmark: _Ref68640546]Figure 10. Examples of concatenated (left) and interlaced (right) CBs mapping
[bookmark: _Hlk68644388] The simulation has been done to evaluate the performance of all five NR PTRS patterns with regular CB mapping and interleaved mappings. The interleaving used in the evaluation was a simple modulation order level interleaving of all CBs. Firstly, the results (in Figure 11) show that only the patterns with 4 and 8 PTRS groups are applicable at 60GHz with 120kHz SCS. Secondly, given the same number of groups the patterns with larger number of samples in a group perform worse due to higher overhead. Finally, it can be seen that CBs interlacing within each DFT-s-OFDM symbol provides performance gain over CBs concatenation in all the scenarios. Larger gains are expected in peak data rate scenario, when the higher MCSs are used.
[image: ]
[bookmark: _Ref68640568]Figure 11. PUSCH BLER performance with different PTRS patterns and CBs mapping
Observation 6:	PUSCH PTRS patterns with only 4 and 8 PTRS groups provide acceptable performance with 120kHz SCS.
Observation 7:	Code blocks interlacing within a DFT-s-OFDM symbol provides performance gain from 0.5dB to 1.7dB at MCS22.
However, the details of the interlacing mapping require further study. This may include interleaving depth, handling of PTRS resource mapping with time density L>1, handling of different number of bits/modulated symbols for each CB in a DFT-s-OFDM symbol.
Proposal 11:	RAN1 to consider code blocks interlacing for PUSCH with transform precoding.

Conclusions
In this contribution, we discussed enhancements for PDSCH and PUSCH for NR extensions up to 71 GHz. The following is a summary of the observation and proposals:
Proposal 1
· For multi-PUSCH scheduling, 
· Support Alt. 2 for TDRA, i.e., non-continuous resource in time for scheduled PUSCHs.
· Support CBG based scheduling when 2 PUSCHs are scheduled.
· Support intra-slot frequency hopping for scheduled PUSCHs.
· Do not support enhancement on CSI request. 
· Do not support enhancement on FDRA.
Proposal 2
· For multi-PDSCH scheduling, supported both TB and CBG based scheduling.
· Maximum number of PDSCHs for TB based scheduling is 8
· Maximum number of PDSCHs for CBG based scheduling is 2.
Proposal 3
· For multi-PDSCH scheduling 
· Separate SLIVs are configured for each PDSCH as part of TDRA configuration. Number of PDSCHs is determined based on the number of SLIVs.
· Carrier indicator, BWP indicator, frequency domain resource allocation, MCS, DMRS configuration including antenna port, DMRS sequence initialization, etc., can be applied for all the scheduled PDSCHs.
· HARQ process ID for each PDSCH is based on the indicated HARQ process ID in the DCI and increased by 1 for subsequent PDSCHs. 
· NDI and RV bitmap for each scheduled PDSCH is included in the DCI. 
Proposal 4
· For type-2 HARQ-ACK codebook generation, Alt. 1 is supported. 
Proposal 5
· For multi-PDSCH scheduling, 
· Time domain bundling of HARQ-ACK feedback is supported. 
· If CBG based transmission is configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in the first sub-codebook.
· If CBG based transmission is not configured, HARQ-ACK feedback for multi-PDSCH scheduling is included in 
· the first sub-codebook if up to two PDSCHs are scheduled;
· otherwise, the second sub-codebook. 

Proposal 6: Indicate to UE that CDM groups, signaled in scheduling DCI, do not contain potential co-scheduled DMRS ports at least for DMRS Type-1 and maxLength=1.
Proposal 7: Use the reserved codepoints from Tables 7.3.1.2.2-1/1A to signal DMRS port(s) without co-scheduled DMRS ports within the same CDM group as given in Table 3‑1 and Table 3‑2.
Proposal 8: Do not introduce new DMRS patterns for NR extension from 52.6 GHz up to 71 GHz.
Observation 1:	the PTRS frequency densities currently specified in NR don’t allow to support 64QAM for allocations <12 PRB (Rank 1) and ≤32 PRB (Rank 2).
Observation 2:	K=1 allows the support of FDRA down to 8 PRB with for Rank 1 64QAM Tx.
Observation 3:	K=0.5 allows the support of FDRA down to 4 PRB with Rank 1 64QAM Tx.
Proposal 9:	NR to support new PTRS frequency densities K=0.5, 1.
Observation 4:	7 tap de-ICI filter doesn’t allow to support MCS>26 with rank 1 Tx and MCS>24 with rank 2 Tx. 
Proposal 10:	Study the means of supporting MCS>24 with rank 2 Tx with advanced phase noise compensation techniques while factoring into account receiver processing complexity.
Observation 5:	Unequal distribution of PN estimation error among DFT-s-ODFM samples may lead to systematic unbalance between code blocks’ BLERs.
Observation 6:	PUSCH PTRS patterns with only 4 and 8 PTRS groups provide acceptable performance with 120kHz SCS.
Observation 7:	Code blocks interlacing within a DFT-s-OFDM symbol provides performance gain from 0.5dB to 1.7dB at MCS22.
Proposal 11:	RAN1 to consider code blocks interlacing for PUSCH with transform precoding.
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