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1. Introduction
At the RAN#90-e meeting, the revised WID for supporting NR from 52.6 GHz to 71 GHz was approved [1], which includes the following objectives:
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
· For operation in this frequency range: Introduce higher layer support of enhancements listed above that are agreed to be specified.
Note 3: The maximum FFT size required to operate the system in 52.6GHz-71GHz frequency is 4096, and the maximum of RBs per carrier is 275 RBs.
…



In this contribution, we discuss on PDSCH/PUSCH enhancements for NR from 52.6 – 71 GHz, including:
· Definition of channel bandwidth
· Timeline related aspects
· Reference signals
· Scheduling/HARQ
2. Definition of channel bandwidth
Regarding the numerology to be supported in 52.6 – 71 GHz, maximum channel bandwidth(s) has not been defined yet, while the following has been agreed already:

· Candidate maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz
· 120, 480 and 960 kHz SCS will be specified for data and control channels and reference signals
· Maximum FFT size required to operate the system in 52.6GHz-71GHz frequency is 4096
· Maximum of RBs per carrier is 275 RBs

Since 480/960 kHz SCSs are completely new, new maximum bandwidth definition(s) are necessary at least for them. For 480 kHz SCS, when we simply consider maximum FFT size and number of RBs agreed already, possible channel bandwidth is up to about 1.6 GHz, which is included in the range of candidate maximum carrier bandwidths. We do not see any issue for supporting 1.6 GHz as the maximum carrier bandwidth for 480 kHz SCS, rather, it seems straightforward to support 1.6 GHz. 

For 960 kHz SCS, similar to above, according to the agreed FFT size and number of RBs, about 3.2 GHz can be achieved with 960 kHz SCS, while it is not included in the range of candidate maximum carrier bandwidth(s). However, we do not see any significant issues for supporting 3.2 GHz bandwidth with 960 kHz. Also, such larger carrier bandwidth would make the system better by achieving efficient resource utilization in frequency domain because less number of guard bands are required. Therefore, we still think the support of 3.2 GHz carrier bandwidth with 960 kHz SCS can be beneficial. Another aspect for 960 kHz SCS is the coexistence with other RAT(s), e.g., IEEE 11ad/ay utilizing 2.16 GHz carrier bandwidth per channel. From technical perspective, since both NR and 11ad/ay will support carrier aggregation (i.e., channel bonding in 11ad/ay) in 52.6 – 71 GHz, it would not be much required to strictly align the channel bandwidth between NR and 11ad/ay. At the same time, there may be no significant issue to support 2.16 GHz channel bandwidth from NR perspective. Therefore, we think about 2 GHz carrier bandwidth should be supported with 960 kHz SCS, and we would like to discuss possibility to support channel bandwidth wider than 2.16 GHz. 

Proposal 1: For maximum carrier bandwidth, 
· 1.6 GHz should be supported with 480 kHz SCS
· At least about 2 GHz should be supported with 960 kHz SCS
· Larger than 2.16 GHz can also be discussed further
3. Timeline related aspects
Under the scaling rule in Rel-15/16 NR, higher SCS requires to support shorter absolute time duration per symbol/slot. There are a lot of timeline related values defined based on symbol or slot as a unit in the specifications, and new values for new SCSs would need to be defined. 

In the specifications, we see the following timeline related parameters for which new values would need to be defined for the new SCSs.

1) Processing capability related timeline parameters, including decoding, data preparation, multiplexing, cancellation timeline. 
· timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy [determined by N]
· PDSCH processing time [determined by N1]
· PUSCH preparation time [determined by N2]
· processing time for PUSCH scheduled by RAR UL grant, [determined by N1/N2]
· CSI processing time [determined by Z1/Z2/Z3]
· timeline for multiplexing multiple UCI types [determined by N/N1/N2/d/Z]
· dynamic SFI and SPS/CG cancellation timing [determined by N2]

As described above,, processing capabilities are determined by parameter N/N1/N2/Z1/Z2/Z3/d, of which the values are defined with symbol level granularity per SCS (i.e., for each of 15/30/60/120 kHz SCS in Rel-15/16) in the specifications. Considering shorter time duration of a symbol/slot for new SCSs, the actual time duration given by the existing values of N/N1/N2/Z1/Z2/Z3/d parameters may be too short to meet the actual UE processing limitation with new SCSs. New values, which are appropriate for the actual UE processing limitation, should be defined for new SCSs. Associated UE capability(-ies) may also need to be discussed together.

2) Scheduling and HARQ related timeline parameters, including K0 for PDSCH scheduling, K1 for HARQ-ACK feedback, K2 for PUSCH scheduling. 
K0, K1, K2 with slot granularity are configured by RRC and/or by default K0/K1/K2 definition in the specifications. Similar to the processing capability related parameters above, candidate values supported in RRC configuration and/or in default definition may not be sufficient/appropriate to meet UE processing limitation with new SCSs. Both RRC configurability and default values should be revisited for new SCSs. 
 
3) Beam related timeline parameters, including the following: 
· timeDurationForQCL, representing minimum number of OFDM symbols required by UE to perform PDCCH and apply spatial QCL information received in DCI for PDSCH processing, 
· beamSwitchTiming/beamSwitchTiming-r16, representing minimum number of OFDM symbols between DCI triggering aperiodic CSI-RS and aperiodic CSI RS transmission.
· beamReportTiming, representing number of OFDM symbols between last symbol of SSB/CSI-RS and first symbol of transmission channel containing beam report.
· Minimum guard period between two SRS resources of an SRS resource set for antenna switching.
· Minimum guard period between BFR response and QCL update

For parameters of timeDurationForQCL, beamSwitchTiming/beamSwitchTiming-r16 and beamReportTiming, the values are reported per SCS depending on UE capability. For example, the reported value of timeDurationForQCL/beamSwitchTiming is one of the values of {14, 28, 48}, and the reported value of beamSwitchTiming-r16 is one of the values of {224, 336} in Rel-16. Candidate reported values for new SCSs need to be defined.

For minimum guard period between two SRS resources of an SRS resource set for antenna switching, values are defined per SCS (15/30/60/120kHz SCS). It also needs to define the value(s) for new SCSs.

For minimum guard period between BFR response and new beam application update, it is specified as fixed 28 symbols in Rel-16. It may also need to be revisited for new SCSs since the absolute time duration of 28 symbols may not be appropriate for QCL update based on BFR procedure with new SCSs.

In Rel-16, no gap is defined for beam switching between contiguous transmissions since the beam switching duration can be within the CP duration. However, with new SCSs, the CP length may not be long enough to contain whole beam switching duration. The issue may occur for multiple SSB transmissions with different beams without symbol gap between SSBs, as well as for other contiguous transmission occasions e.g., contiguous DL transmissions with different beams, contiguous UL transmissions with different beams, etc. Therefore, absolute time duration needed for gNB/UE beam switching needs to be studied first. If CP length for new SCSs is not enough to contain the beam switching duration, a new parameter (e.g. BeamSwitchGap) can be introduced and values need to be defined for new SCSs.

4) Other timeline parameters, including
· minimum time gap for wake-up and Scell dormancy indication [determined by X]
· BWP switch delay [determined by TBWPswitchDelay]
· minimum of P_switch for search space set group switching 

Value of these parameters are defined per SCS in the current spec. Definition for new SCSs is needed.

Proposal 2: For existing parameters related to timeline as below, whether/how to define new values for 480/960 kHz SCS should be discussed.
· Value of N1/N2/N3/Z1/Z2/Z3/d parameters shall be defined for new SCSs for supported UE capability(-ies).
· Whether to define new timeline values for new SCSs for UE capability #1 and/or UE capability #2, or to introduce new UE capability for new SCSs
· For beam related timeline parameters, value of “timeDurationForQCL”, “beamSwitchTiming/beamSwitchTiming-r16”, “beamReportTiming”, “minimum guard period between two SRS resources of an SRS resource set for antenna switching” for new SCSs for supported UE capability(-ies) should be defined.
· Whether/how to consider beam switching gap (i.e., time duration needed to change the beam) should be discussed.
· FFS whether to introduce a larger time gap to apply new beam configuration after receiving BFR response from gNB
· For DRX switching, BWP switching, search space group switching, define values for new SCSs for supported UE capability(-ies).
· For K0/K1/K2 set, consider proper K0/K1/K2 set configuration and define default values for new SCSs.

4. Reference signal 
DMRS and PT-RS are captured in WID [1] as aspects which need to be evaluated for 52.6 – 71 GHz and may be enhanced according to the evaluation result. For DMRS, one potential aspect is frequency domain density considering frequency selectivity. The frequency selectivity of the channel is derived by the power-delay spread of multi-path components of the channel. In the previous study [3], it was observed that the SCSs of 480KHz and 960KHz are comparable with the channel coherent bandwidth based on the DS defined in [4]. With the existing Rel-15 Type 1 and Type 2 DMRS allocation patterns in frequency domain, the channel estimation performance may be degraded with higher SCSs as the channel correlation of two adjacent subcarriers decreases with higher SCSs. Considering above, enhancements of the DMRS allocation pattern in frequency domain can be considered, e.g., denser DMRS allocation in frequency domain.

To investigate this issue, we have evaluated PDSCH BLERs with 480 and 960 kHz SCS for three DMRS types, which are shown in Figure 4-1, i.e., (a) Rel-15 DMRS type 1, (b) type 2, and (c) a new DMRS type with DMRS on every RE in the symbol containing DMRS. The DMRS densities in frequency domain are 0.5, 0.33 and 1 for Rel-15 type 1, type 2 and the new one, respectively. The evaluation results are shown in Figure 4-2, where the PDSCH performances with each evaluated DMRS patterns are compared in TDL-A channel with 10ns delay spread. In the evaluation, only front-loaded DMRS is assumed with two-layer transmission. The detailed simulation assumptions are shown in Table A-1 in Appendix. With SCS of 480 kHz, full-density DMRS achieves about 0.5dB and 1dB gain compared to Type 1 and Type 2 DMRS, respectively. With SCS of 960 kHz, the performance gain of full density DMRS compared to type 1 and type 2 DMRS is increased to 1dB and 1.6dB, respectively. Based on the results, we think that denser DMRS allocation in frequency domain, e.g., full density allocation, is beneficial for new SCSs. 
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1. Rel-15 Type 1 DMRS                (b) Rel-15 Type 2 DMRS                       (c) Full-density DMRS
Figure 4-1: Patterns of 1 symbol font-loaded DMRS configured with 1 port     
[image: ]
1. 480KHz SCS                                                                    (b)  960KHZ SCS
Figure 4-2: BLER performance comparison among Full-density DMRS and Rel-15 Type 1/Type 2 DMRS (400MHz bandwidth, 2 ports transmission, TDL-A 10ns) 	

With higher DMRS density per port, the ports multiplexing capacity of proposed full-density DMRS could be reduced. Type 1 and 2 DMRS can achieve 4 and 6 ports multiplexing with single symbol and 8 and 12 ports multiplexing with double symbols respectively, while full-density DMRS could achieves less ports multiplexing capacity. On the other hand, in frequency band of 52.6 – 71 GHz, the required number of ports for multiplexing may be less than the one in lower frequency band as smaller number of UEs may be covered by a single beam, assuming narrower beam used in higher frequency range. Therefore, such less ports multiplexing capacity of proposed denser DMRS may not be an issue in 52.6 – 71 GHz bands. 

Proposal 3: Denser DMRS pattern in frequency domain should be supported for new SCSs. 

5. Scheduling/HARQ
Considering that symbol/slot length is shorter for higher SCSs, as we discuss in our companion contribution [2], PDCCH monitoring enhancement would be supported in 52.6 – 71 GHz WI, e.g., PDCCH monitoring per more than one slot may be defined for new SCSs. In such case, DL assignment and UL grant may be monitored once per more than 1 slot. If only the existing DCIs are reused for scheduling, i.e., a DCI can schedule a PDSCH/PUSCH in a slot in general, it may not be possible to utilize all slots for scheduling data to single UE, i.e., peak data rate may be degraded. As a countermeasure for this issue, multi-PDSCH/PUSCH scheduling by a single DCI can be a promising method considering reduced PDCCH monitoring opportunities with larger PDCCH monitoring time unit.

Multi-PUSCH scheduling is already supported in Rel-16 NR-U, where one DCI can schedule at most 8 contiguous PUSCHs. Time domain resource allocation for each scheduled PUSCH and the number of scheduled PUSCHs are indicated by the indicated row in TDRA table. It can be a starting point for multi-PUSCH scheduling in 52.6 – 71 GHz WI. In addition, since the issue of PDCCH monitoring is common in DL assignment and UL grant, as described earlier, multi-PDSCH scheduling should can also be considered although it has never been supported so far. Multi-PUSCH scheduling in Rel-16 NR-U can be a baseline for the multi-PDSCH scheduling in 52.6 – 71 GHz also.

Proposal 4: 
· Both multi-PUSCH scheduling and multi-PDSCH scheduling should be supported.
· Mechanism of multi-PUSCH scheduling in Rel-16 NR-U can be a starting point. 


On top of multi-PUSCH scheduling in Rel-16 NR-U, there may be some aspects to be newly considered, especially when multi-PDSCH scheduling is considered. For example, we need to discuss how to feedback HARQ-ACK for the multi-PDSCH. One simple method is to jointly report HARQ-ACK for the multiple PDSCHs scheduled by one DCI in one PUCCH. HARQ-ACK report timing determination needs to be discussed, e.g. based on the last PDSCH as the simplest way.   HARQ-ACK bundling among different PDSCHs may also be considered to reduce PUCCH overhead. Another aspect is how to construct HARQ-ACK codebook for the multi-PDSCH. Some enhancements may or may not be necessary for the existing type 1, type 2, enhanced type 2 and type 3 HARQ-ACK codebook determinations to work. 

Another discussion point for multi-PDSCH compared to multi-PUSCH is the maximum number of scheduled CWs. In R16, at most 2 CWs can be scheduled for one PDSCH according to RRC configuration, while at most 1 CW for PUSCH. If two-CW PDSCH scheduling is also allowed for multi-PDSCH scheduling, MCS/RV/NDI fields need to be separately reserved for 2 TBs, which is not good from DCI payload perspective. Therefore, whether to limit max number of TBs for multi-PDSCH scheduling can be discussed.

For both multi-PUSCH and multi-PDSCH scheduling, when such multiple PDSCHs or PUSCHs are scheduled in consecutive slots only, the scheduled slots need to be DL only or UL only. It may lead to less flexibility on resource utilization. Depending on the situation, such consecutive allocation may not be possible, while PDCCH monitoring occasion may be quite limited. Therefore, non-consecutive multi-PDSCH/PUSCH scheduling, which is not supported even in Rel-16 NR-U multi-PUSCH scheduling, can also be considered in 52.6 – 71 GHz. 

Proposal 5: In addition to multi-PUSCH scheduling framework in Rel-16 NR-U, the following aspects can also be considered
· HARQ-ACK feedback related aspects for multi-PDSCH scheduling
· HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI can be reported in one PUCCH.
· HARQ-ACK codebook generation impact
· Scheduling flexibility for both multi-PUSCH/PDSCH scheduling
· Consecutive scheduling, and potentially non-consecutive scheduling

6. Conclusion
Proposal 1: For maximum carrier bandwidth, 
· 1.6 GHz should be supported with 480 kHz SCS
· At least about 2 GHz should be supported with 960 kHz SCS
· Larger than 2.16 GHz can also be discussed further.

Proposal 2: For existing parameters related to timeline as below, whether/how to define new values for 480/960 kHz SCS should be discussed.
· Value of N1/N2/N3/Z1/Z2/Z3/d parameters shall be defined for new SCSs for supported UE capability(-ies).
· Whether to define new timeline values for new SCSs for UE capability #1 and/or UE capability #2, or to introduce new UE capability for new SCSs
· For beam related timeline parameters, value of “timeDurationForQCL”, “beamSwitchTiming/beamSwitchTiming-r16”, “beamReportTiming”, “minimum guard period between two SRS resources of an SRS resource set for antenna switching” for new SCSs for supported UE capability(-ies) should be defined.
· Whether/how to consider beam switching gap (i.e., time duration needed to change the beam) should be discussed.
· FFS whether to introduce a larger time gap to apply new beam configuration after receiving BFR response from gNB
· For DRX switching, BWP switching, search space group switching, define values for new SCSs for supported UE capability(-ies).
· For K0/K1/K2 set, consider proper K0/K1/K2 set configuration and define default values for new SCSs.

Proposal 3: Denser DMRS pattern in frequency domain should be supported for new SCSs. 

Proposal 4: 
· Both multi-PUSCH scheduling and multi-PDSCH scheduling should be supported.
· Mechanism of multi-PUSCH scheduling in Rel-16 NR-U can be a starting point. 

Proposal 5: In addition to multi-PUSCH scheduling framework in Rel-16 NR-U, the following aspects can also be considered
· HARQ-ACK feedback related aspects for multi-PDSCH scheduling
· HARQ-ACK feedback for multiple PDSCHs scheduled by one DCI can be reported in one PUCCH.
· HARQ-ACK codebook generation impact
· Scheduling flexibility for both multi-PUSCH/PDSCH scheduling
· Consecutive scheduling, and potentially non-consecutive scheduling
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Appendix 
Table A-1 Simulation Parameter
	Parameter
	Values 

	Bandwidth
	400 MHz 

	Subcarrier spacing (SCS)
	480 kHz
	960 kHz

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

	FFT size
	1024
	512

	CP length
	72 Ts
	36 Ts

	Channel Model
	TDL-A 10ns

	MCS
	16

	Phase noise 
	No

	PTRS
	No

	DMRS
	Rel-15 Type1/Type2 DMRS
Full-density DMRS (Proposed)

	Channel estimation 
	LS 
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