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1	Introduction
In RAN#90-e, an updated work item for supporting NR from 52.6 GHz to 71 GHz in NR Rel. 17 has been approved with following objectives for physical layer impacts in RP-202925 [1]:
· 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 timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· 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
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· 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.

Furthermore, appendix section lists all the agreements related to PDSCH/PUSCH scheduling, reference signal enhancements, CSI timeline enhancements that have been made in RAN1#103-e [2]. In this contribution, we provide our views on following enhancements for NR operation between 52.6 GHz to 71 GHz with newly agreed SCS values including 480kHz and 960kHz:
· PDSCH/PUSCH scheduling enhancements
· Single DCI for PDSCH and PUSCH
· Beam association for multi-PDSCH/PUSCH over multiple slots
· DM-RS enhancements
· CSI processing enhancements
· BWP (numerology) adaptation enhancements 
2	Enhancements for PDSCH/PUSCH scheduling
2.1 Single DCI scheduling both PDSCH and PUSCH
In RAN1#103-e and in the WID, one of objectives is to support multi-PDSCH/PUSCH scheduling by single DCI. One of the main motivations is to reduce the need for monitoring PDCCH in every slot for high SCS values where the duration of single can be quite short. In our view, following two options can be considered for PDSCH/PUSCH scheduling
Option 1: Single DCI to schedule multi-PDSCH and single DCI to schedule multi-PUSCH
Multi-slot scheduling for PUSCH was introduced in Rel. 16 NR-U, where a single DCI can schedule multiple UL TBs across multiple slots. According to option 1, similar extension could be considered for PDSCH as well to reduce the need to monitor and process PDSCH scheduling PDCCH in every slot. However, this would only partially alleviate problem as still the UE might need to monitor PDCCH for dynamic PUSCH grant when single DCI schedules multiple PDSCH over multiple slots. Moreover, this could result in long periods (multiple slots) of either PUSCH or PDSCH transmission and would not be suitable for scenarios where the traffic requirements between UL and DL are similar with low-latency constraints. For example, when the traffic scenario includes alternating DL and UL traffic i.e. one DL TB, followed by one UL TB and so on, then either 
Observation 1: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, supporting one single DCI to schedule multiple PDSCH TBs and another single DCI to schedule multiple PUSCH TBs is not suitable if the UL and DL traffic is similar, for example alternating between PDSCH TB and PUSCH TB. 
Option 2: Single DCI to schedule both PDSCH and PUSCH
According to option 2, a single DCI can schedule PDSCH TB(s) and PUSCH TB(s) across multiple slots. This option has a 2-fold benefit. First benefit is to reduce the need for monitoring separate DCIs for PUSCH grant and PDSCH assignment with high SCS values. Second benefit is to schedule over multiple slots, but with any ratio/pattern of DL TBs and UL TBs. For example, as shown in Figure 1, a single DCI can schedule PDSCH1 in slot 1, PUSCH1 in slot 2, PDSCH2 in slot3 and PUSCH2 in slot 4. Such possible distribution of PDSCH and PUSCH across multiple slots cannot be possible with option 1unless PDCCH is transmitted in every slot. 



Figure 1: Example of single DCI format simultaneously scheduling alternating DL and UL TBs across multiple slots

Observation 2: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, supporting single DCI to schedule both PDSCH and PUSCH provided better opportunity of PDCCH monitoring reduction while supporting UL and DL traffic with similar requirements, for example alternating between PDSCH TB and PUSCH TB. 
Proposal 1: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support a single DCI to schedule both PDSCH and PUSCH across multiple slots (TTIs).

2.2 Multi-beam association for multi-PDSCH/PUSCH over multiple slots
If it has been agreed to specify multi-PDSCH/PUSCH using single DCI across multiples slots, then beam indication enhancements should be considered. If the current beam indication via TCI codepoint in the scheduling DCI is applied, then typically the UE is signaled with only single Tx beam for UL transmission and single Rx beam for DL reception. However, the same beam might not remain applicable across multiple slots depending upon the number of slots that are scheduled, potentially narrower beamwidth for such high FR and mobility of the UE. One possibility could be to utilize the two TCI state indication specified in Rel-16 for PDSCH repetitions from two TRPs. However, the duration for the applicability for each beam would also need to be indicated. Moreover, just two TCI states might not be sufficient depending upon the aforementioned factors. Therefore, specific enhancements for beam (TCI state with QCL type-D) association with multi-PDSCH/PUSCH scheduling by single DCI should be specified.
Proposal 2: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple beams (multiple TCI states with QCL type-D assumption) indication via single DCI and corresponding applicability/duration of each beam within the scheduled duration.

3	Enhancements for DM-RS
High SCS values such as 480kH and 960kHz are agreed to be supported and it can have an impact on the system performance such as the high probability of ISI due to the short OFDM symbols and the reduced channel estimation performance specially for frequency selective channels when the channel coherence bandwidth is less than the DM-RS spacing. For this reason, we evaluated the performance for higher SCS values between front-loaded DMRS type 1 and with ideal channel estimation to show the impact of different SCS values on DM-RS based channel estimation performance in Figure 1 for 400MHz bandwidth. For phase noise compensation, PT-RS configuration with L=1 and K=4 is applied for all the curves in Figure 2.
Based on the results in Figure 2, following observation can be made:
Observation 3: For higher SCS values such as 480kHz and 960kHz, BLER performance difference between the ideal channel estimation and real channel estimation varies for different SCS values, where, as the subcarrier spacing is increasing, the performance degradation with real channel estimation also increases which could be attributed to the performance of DM-RS configuration with different SCS values.
[image: ]
Figure 2: Existing DM-RS configuration (1-symbol front-loaded) type1 performance for higher SCS values
Increasing the SCS value has an impact on the system performance such as the high probability of ISI due to the short OFDM symbols and the reduced channel estimation performance specially for frequency selective channels when the channel coherence bandwidth is less than the DM-RS spacing. One possible solution to deal with this issue could be that high frequency density of the DM-RS configurations/patterns could be considered for high SCS values. Figures 3 and 4 show the BLER performance gain when using DM-RS mapped to each RE in frequency domain. As can be observed from the figures, the gain between DMRS type1 and the high-density mapping increases as SCS increases. For 120KHz, the gain is negligible for all MCS values and delay spread values due to the long symbol and the small spacing between DM-RS REs, while for 960KHz, around 1 dB gain can be achieved with high density DMRS mapping.
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Figure 3: Performance for existing DM-RS configuration type 1 vs DM-RS mapping every RE (1-symbol front-loaded)  for TDL-A 10 ns
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Figure 4: Performance for existing DM-RS configuration type 1 vs DM-RS mapping every RE (1-symbol front-loaded)  for TDL-A 20 ns

In order to accommodate more resources in frequency, the number of ports could be reduced compared to existing DM-RS configurations because for high frequency transmission, the performance gain of high rank MIMO channels is limited and therefore the benefit of configuring high number of antenna ports for spatial multiplexing is expected to be low. This will benefit to exploit the high-density frequency domain mapping of DM-RS for better channel estimation when the channel coherence bandwidth is less than the configured SCS.
Proposal 3: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, new DM-RS configurations should be supported with following criterion:
· High frequency density of the DM-RS for high SCS for better channel estimation when channel coherence bandwidth is less than the configured SCS
· Reduced number of DM-RS ports as the performance gain of high rank MIMO channels is expected to be limited in this FR
4	Enhancements to CSI processing and CPU availability
Currently, the CSI processing timeline is also specified where the processing delay is defined in terms of number of symbols. The symbols are depending up on the subcarrier spacing applied for CSI-RS transmission, CSI reporting and PDCCH triggering the CSI report (for aperiodic or semi-persistent reporting). Depending up on the UE capability in terms of number of CSI processing units (CPUs) in each symbol (parallel processing capability), not all the triggered reports are always processed. If all the CPUs are occupied on a given symbol, then the remaining low priority reports are not required by UE to be processed. However, from a UE perspective, a symbol can correspond to different durations depending up on the corresponding numerologies for each CSI report. For lower subcarrier spacing, a symbol might only have CPU occupied partially when the CPU is used for CSI processing associated with very high subcarrier spacing. Therefore, it is not optimal to disregard the processing of CSI reporting in such scenarios. When a UE is expected to process/prepare for transmissions associated with different subcarrier spacings ranging from 15 kHz to possibly 960 kHz in a parallel manner, then enhancements could be considered on how to efficiently utilize UE’s limited processing capability to reduce latency and handle processing/preparation of transmissions associated with multiple numerologies. Figure 5 illustrates an example where CPU availability is checked for multiple CSI reports associated multiple SCS values. For SCS value 15 kHz, CPU availability is checked at beginning of symbol N, and the corresponding CSI report is not processed since at that point there is no availability. UE waits until next symbol (corresponding 15 kHz SCS value) to check the availability again. CPU is occupied to process CSI report associated with SCS value of 480kHz. However, the CPU is released once the processing is done for CSI report associated with 480kHz SCS value and it becomes available for processing other CSI reports. But based on current specification, UE would still wait for the beginning of next symbol corresponding to 15 kHz SCS value to check availability, although the CPU became available somewhere in the middle of the symbol where it initially checked. This is inefficient method. 


Figure 5: Example of current CSI Processing Unit availability check procedure
One simple possibility could be having a reference symbol duration as the lowest value corresponding to highest SCS value for checking CPU availability for any CSI report regardless of the associated SCS value. For example, a reference symbol duration corresponding to 480kHz could be used for checking CPU availability for different CSI reports corresponding to SCS values of 15kHz, 60kHz, 120kHz and 480kHz.
Proposal 4: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, following enhancements should be supported to efficiently utilize UE’s limited processing capability to reduce latency and efficiently handle processing/preparation of CSI reports associated with multiple numerologies in parallel:
· Same reference symbols duration (possibly the shortest duration corresponding to maximum supported SCS value) could be used for checking CPU availability corresponding to different CSI reports associated with different SCS values
5	Enhancements for BWP (numerology) adaptation
Higher SCS values including 120kHz, 480kHz and 960kHz are agreed to be supported for NR operation between 52.6 GHz and 71 GHz. However, the selection of SCS value based on the frequency range should not be the only criteria. As can be seen in Figure 6, the channel condition and selection of MCS plays an important role in determining the SCS value. When the channel condition is not so good (lower SNR range), lower SCS value of 120kHz is better as noise is more pronounced than the inter-carrier interference caused by phase noise. When channel condition is moderate (mid SNR range), then slightly higher SCS value such 480kHz is better. For very good channel conditions (high SNR), then 960kHz SCS value is better (phase noise dominates and so reduction in phase noise interference by increased subcarrier spacing has better performance (provided the CP is sufficient)), all considering similar mobile speed. In addition, the performance requirements in terms of target BLER and/or throughput are also critical in determining the suitable value of SCS along with other parameters such as MCS, rank, etc. 
[image: ]
Figure 6. PDSCH with 400MHz BW for 60GHz carrier frequency and channel delay spread of 10ns
Observation 4: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, the selection of SCS value should not limited based on the frequency range .Other factors of channel conditions such as phase noise, ICI, Doppler, CQI, etc. plays an important role in determining the SCS value:
· For DL channel, UE has all the required estimates related to channel, receiver phase noise and other impairments, etc.
[bookmark: _Hlk53561113]For DL channels, the UE estimates channel conditions such as phase noise, ICI, Doppler, CQI etc., and some other impairments based on the supported receiver algorithm. Hence, UE is in a better position compared to gNB to make corresponding decision on which SCS value is more suitable. One possibility could be that UE reports all these measurements to gNB but reporting a large set of measurement to gNB will have quite large overhead. Therefore, based on these measurements at UE, it is a simpler solution for a UE to recommend a suitable SCS value or a corresponding BWP. Based on this recommendation, gNB could indicate a BWP switching that is in line with the suggested SCS value.
Proposal 5: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, UE assistance for SCS/BWP selection should be supported to take in to account all the channel measurements and receiver impairments that are more prominent at higher frequency range
· CSI reporting should be enhanced to report back suitable subcarrier spacing value based on measurements and receiver characteristics at UE
6	Conclusion
In this contribution, we discussed enhancements for PDSCH/PUSCH scheduling for NR operation between 52.6 GHz to 71 GHz with high SCS values and provided following observations/proposals: 
Observation 1: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, supporting one single DCI to schedule multiple PDSCH TBs and another single DCI to schedule multiple PUSCH TBs is not suitable if the UL and DL traffic is similar, for example alternating between PDSCH TB and PUSCH TB. 
Observation 2: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, supporting single DCI to schedule both PDSCH and PUSCH provided better opportunity of PDCCH monitoring reduction while supporting UL and DL traffic with similar requirements, for example alternating between PDSCH TB and PUSCH TB. 
Observation 3: For higher SCS values such as 480kHz and 960kHz, BLER performance difference between the ideal channel estimation and real channel estimation varies for different SCS values, where, as the subcarrier spacing is increasing, the performance degradation with real channel estimation also increases which could be attributed to the performance of DM-RS configuration with different SCS values.
Observation 4: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, the selection of SCS value should not limited based on the frequency range .Other factors of channel conditions such as phase noise, ICI, Doppler, CQI, etc. plays an important role in determining the SCS value:
· For DL channel, UE has all the required estimates related to channel, receiver phase noise and other impairments, etc.
[bookmark: _GoBack]Proposal 1: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support a single DCI to schedule both PDSCH and PUSCH across multiple slots (TTIs).

Proposal 2: For NR operation between 52.6 GHz and 71 GHz with high subcarrier spacing values such as 480kHz and 960kHz, specify enhancements to support multiple beams (multiple TCI states with QCL type-D assumption) indication via single DCI and corresponding applicability/duration of each beam within the scheduled duration.

Proposal 3: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, new DM-RS configurations should be supported with following criterion:
· High frequency density of the DM-RS for high SCS for better channel estimation when channel coherence bandwidth is less than the configured SCS
· Reduced number of DM-RS ports as the performance gain of high rank MIMO channels is expected to be limited in this FR
Proposal 4: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, following enhancements should be supported to efficiently utilize UE’s limited processing capability to reduce latency and efficiently handle processing/preparation of CSI reports associated with multiple numerologies in parallel:
· Same reference symbols duration (possibly the shortest duration corresponding to maximum supported SCS value) could be used for checking CPU availability corresponding to different CSI reports associated with different SCS values
Proposal 5: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, UE assistance for SCS/BWP selection should be supported to take in to account all the channel measurements and receiver impairments that are more prominent at higher frequency range
· CSI reporting should be enhanced to report back suitable subcarrier spacing value based on measurements and receiver characteristics at UE
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8	Appendix 
8.1 Agreements from RAN1#103-e
Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It was identified that the potential enhancements to PDCCH monitoring including potential limitation to UE PDCCH configuration,, multiple PDSCH/PUSCH scheduling with a single DCI (using existing DCI formats or new DCI format(s)), spatial relation management for GC-PDCCH, capability related to PDCCH monitoring, and PDCCH coverage should be further investigated for higher subcarrier spacings, including the need for such enhancements.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. Some companies have noted that interlace transmissions for PUSCH do not provide benefit over non-interlaced uplink allocations currently supported by NR for NR operating in 52.6 GHz to 71 GHz, while some companies have noted support of sub-PRB or PRB interlace transmissions for PUSCH may improve transmit power and possibly meets OCB requirements (some companies note OCB requirements can be met without introducing interlacing) when necessary.
1. It was identified that for new subcarrier spacing, if agreed, will at least require investigation on the need for enhancements and standardization, of the following processing timelines:
1. Processing capability for PUSCH scheduled by RAR UL grant 
1. Dynamic SFI and SPS/CG cancellation timing
1. Timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy.
1. Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6)
1. BWP switch delay
1. Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, beamReportTiming, etc.)
1. Timeline for multiplexing multiple UCI types
1. Minimum of P_switch for search space set group switching
1. appropriate configuration(s) of k0 (PDSCH), k1 (HARQ), k2 (PUSCH),
1. PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
1. CSI processing time, Z1, Z2, and Z3, and CSI processing units
1. Any potential enhancements to CPU occupation calculation
1. Related UE capability(ies) for processing timelines
1. minimum guard period between two SRS resources of an SRS resource set for antenna switching
1. It was identified that new subcarrier spacing, if agreed, may require further investigation of multi-PDSCH/PUSCH scheduling and standardization, if needed. The following aspects should be at least investigated for multi-PDSCH/PUSCH scheduling:
2. whether to support a single TB and/or multiple TBs scheduled over multiple slots
2. applicable DCI format(s) (including potential new formats, if needed) for multi-PDSCH and multi-PUSCH scheduling
2. Enhancement on multiple beam indication and association with multiple PDSCH/PUSCH scheduling
2. DM-RS enhancements such as DM-RS bundling, or changes to the time-domain pattern
2. HARQ enhancements for multi-PDSCH
2. Applicability of Rel-16 multi-PUSCH scheduling

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It is recommended to further investigate the need for DL and UL PT-RS enhancement for the subcarrier spacings to be supported in specifications. PT-RS enhancements, if needed, can consider the following:
0. support of high MCS values,
0. applicability of ICI compensation techniques,
0. PT-RS sequence,
0. time and frequency resources for PT-RS with OFDM and DFT-s-OFDM waveforms.
1. It is recommended to further investigate the need for DL and UL DM-RS enhancements for the subcarrier spacings to be supported in specifications. DM-RS enhancements, if needed, can consider the following:
1. coherence bandwidth and its impact to orthogonal codes used for DM-RS,
1. frequency domain density and overhead,
1. maximum number of DM-RS ports.
1. Some companies noted LBT failure may prevent transmission of periodic reference signals, such as P-TRS, and negatively impact performance. Some companies noted deferral of periodic reference signals may be rare and may not significantly impact system performance. Some companies noted aperiodic reference signals could be used to negate the potential impact from LBT failure.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
It is recommended to investigate whether or not enhancements to CSI processing unit (CPU) availability check is needed when the UE is required to process CSI reports corresponding to multiple numerologies across active BWPs in different component carriers.
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