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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz [1] was completed in RAN1 #103-e with the conclusion that numerologies 240 kHz, 480 kHz, and 960 kHz are considered as candidates for additional numerologies in addition to 120 kHz, and numerologies outside this range are not supported for any signals or channels [2].

Based on the SI, an updated WID was agreed to in RAN #90-e with the following objectives [3]:
· [bookmark: _Hlk26996217][bookmark: _Hlk58594267]define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals
· Timeline 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 enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
· 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.
In this contribution, we address the following subjects covered by the objectives including defining the maximum bandwidth for new SCSs, timeline related aspects adapted to each of the new numerologies 480kHz and 960kHz, scheduling particularly w.r.t. multi-PDSCH/PUSCH with a single DCI and HARQ, and reference signals. 

Maximum Bandwidth  and SCS 
In this section, we explore the maximum carrier bandwidth given the SCSs parameters agreed on in the SI phase such as the FFT size and the maximum number of PRBs.

In RAN1 #102-e, the following agreements were made with the most relevant agreements underlined [2]:

	Agreement:
· For NR system operating in 52.6 GHz to 71 GHz, 
· NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier.
· Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz.

· Study single carrier and multi carrier operations for achieving wide bandwidth utilization, while at least considering aspects such as control signaling overhead, transceiver complexity, spectral efficiency, etc.



In RAN1 #103-e, the following observations were captured in the SI report [5]:

	Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
· Some companies have noted support of channelization that are aligned with IEEE 802.11ad and 802.11ay channelization is beneficial for coexistence. While some companies have noted alignment of channelization for coexistence is not necessary. Alignment of channelization between a NR channel and IEEE 802.11ad and 802.11ay channel in this context refers to a NR channel that is contained within one of the channels defined for IEEE 802.11ad and 802.11ay and NR channel bandwidth does not cross over channel boundaries of IEEE 802.11ad and 802.11ay. 
· Some companies proposed to support more than one channel bandwidths for a given SCS



In Table 1, we show numerology information for existing SCSs in FR2 capturing the following parameters:
· # of PRBs
· # subcarriers
· FFT size
· % FFT utilization (Utilization defined as the ratio of the number of subcarriers used to the FFT size or the ratio of the occupied BW to the FFT BW),
· occupied BW
· % bandwidth utilization (defined as the ratio of the occupied BW to the nominal BW)
· symbol length and guard period. 

From the table, we can make the following observations:
· In the FR2 frequencies, 60 kHz SCS has a maximum carrier bandwidth of 200 MHz while 120kHz SCS has a maximum carrier bandwidth of 400 MHz. The maximum carrier bandwidths are nested. This means that a 60 kHz component carrier will fit directly into a 120 kHz component carrier.
· In both cases, 77.34% of the 4096 sub-carriers are used  (% FFT Utilization = 77.34%) while 95.04% of the maximum BW is used (% BW utilization = 95.04%). 
· The maximum #  PRBs across SCSs are equal, i.e., the maximum number of PRBs for 120 kHz is equal to that of 60 kHz. 
· Multiple BWs are specified per SCS.














[bookmark: _Ref40197675][bookmark: _Ref47707500]Table 1: Numerology for Rel-15/Rel-16 FR2 [6]
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Given the existing agreements on the maximum FFT size and maximum # PRBs, the corresponding maximum carrier bandwidths in MHz for the different SCSs (assuming single carrier transmission) can be found in Table 2:

[bookmark: _Ref61442858]Table 2: Maximum BWs given # PRBs and FFT size[image: Table
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Based on these observations, for the SCSs operating between 52.6 GHz and 71 GHz, the following design principles can be followed:
· The # PRBs can be set to 264 as in FR2. This is less than 275 (based on agreement).
· The maximum FFT size is equal to 4096 (based on agreement).
· The candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz (based on agreement).
· The maximum carrier bandwidths for the different SCSs should be nested i.e., the maximum carrier bandwidths should be set so that lower SCS component carriers can fit into higher SCS component carriers (based on FR2 design).
· The FFT utilization should be set to 77.34 % (based on FR2 design)
· Multiple carrier BWs should be specified per SCS (based on FR2 design)

From these design principles, the largest maximum carrier BWs supported by SCS 120 kHz, 480 kHz and 960 kHz assuming a 77.34% FFT utilization can be set to:
· 120 kHz: 400 MHz
· 480 kHz: 1600 MHz
· 960 kHz: 2000 MHz

To support multiple carrier bandwidths per SCS, additional maximum bandwidths of 800 MHz and 1200 MHz can also be specified. Note that the actual transmission parameters such as carrier bandwidth, # PRBs, FFT utilization, and guard bands  will be determined by RAN4. As such, depending on the guard bands and other RAN4 determined parameters, bandwidths that are multiples of about 400 MHz should be specified (“about” due to the uncertainty of the guard band size to be set by RAN4). Note that the  channelization should be aligned with IEEE 802.11ad and 802.11ay channelization for coexistence. For 120 kHz and 480 kHz, a 2 GHz aggregated channel bandwidth transmission can be achieved by carrier aggregation based on the objective in the WID [3]:

· Note 4: the system is designed to support both single-carrier and multi-carrier operation

In Table 3, we show a table with the new candidate SCS values for operation between 52.6 GHz and 71 GHz and assuming multiple carrier bandwidths in multiples of 400 MHz Assuming nested carrier bandwidths, the maximum #PRBs for 960 kHz can be set to 165.

[bookmark: _Ref47707603]Table 3: Numerology for NR operating between 52.6 GHz and 71 GHz
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Proposal 1: Multiple carrier bandwidths should be specified with carrier bandwidths that are multiples of about 400 MHz

Proposal 2: The maximum channel bandwidth of about 2.16 GHz should be used for co-existence with the existing 802.11ad/ay channel allocation with no overlap between a single NR channel and multiple 802.11ad/ay channels.

Proposal 3: For 120 kHz and 480 kHz, 2 GHz channel bandwidth transmission can be achieved by carrier aggregation.

Timeline and Processing 
With the introduction of 480 kHz and 960 kHz SCSs, various UE processing timelines set in Rel-15/Rel16 need to be revisited. We highlight the relevant agreements from the study item phase to serve as a baseline for the work item discussion.

In RAN1 #103-e, the following agreement was made [5]:

	Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
Overall implementation complexity for supporting a specific subcarrier spacing may need to consider the following, but not limited to:
· complexity associated with supporting given reduced (in absolute time) requirements on UE processing times (e.g., N1, N2, N3, Z1, Z2, Z3, etc) and UE PDCCH processing budget as a function of subcarrier spacing, if scheduling and monitoring unit is maintained to be one slot.
· supported features indicated by UE capability signaling or implemented by the gNB.

Agreement:
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:
a. Processing capability for PUSCH scheduled by RAR UL grant 
b. Dynamic SFI and SPS/CG cancellation timing
c. Timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy.
d. Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6)
e. BWP switch delay
f. Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, beamReportTiming, etc.)
g. Timeline for multiplexing multiple UCI types
h. Minimum of P_switch for search space set group switching
i. appropriate configuration(s) of k0 (PDSCH), k1 (HARQ), k2 (PUSCH),
j. PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
k. CSI processing time, Z1, Z2, and Z3, and CSI processing units
l. Any potential enhancements to CPU occupation calculation
m. Related UE capability(ies) for processing timelines
n. minimum guard period between two SRS resources of an SRS resource set for antenna switching




The reduction in symbol/slot duration that arises from the increase in SCS to 480 kHz or 960 kHz has an impact on the processing timelines. Using the number of symbols or slots for SCS 120 kHz in FR2 operation will result in a reduction in the absolute processing timeline for SCSs 480 kHz and 960 kHz and could result in a 4 x reduction in the processing timeline for  the 480 kHz SCS and an 8 x reduction in the processing timeline for  the 960 kHz SCS as shown in Figure 1. 
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[bookmark: _Ref53757713]Figure 1: Reduction in processing timeline for different SCSs compared with 120 kHz
However, the values of the processing timelines selected for the new SCSs should not be directly equal in symbols or slots or in absolute processing time. 

We illustrate the relationship for symbol-based timelines with a discussion on the PDSCH processing time (N1). The current values of N1 for PDSCH processing capability 1 can be found in  Table 4 and are illustrated in Figure 2. As seen, the number of symbols increases with increasing SCS but the absolute processing time reduces with increasing SCS. This can be interpreted as using the same processing timeline as the next smallest SCS with an additional margin to account for the elements in processing that do not scale with a reduction in symbol duration.

[bookmark: _Ref47693992]Table 4: PDSCH Processing Time [6]
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[bookmark: _Ref61512835]Figure 2: PDSCH processing time for PDSCH processing capability 1 and pos0

We illustrate the relationship for slot-based timelines with a discussion on the minimum time gap for wake-up and Scell dormancy indication. This is shown in Table 5.

[bookmark: _Ref61583778]

Table 5 : Minimum time Gap [6]
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In this case, Value 1 changes in a non-proportional manner as the SCS increases while Value 2 scales proportionally by SCS.  

Both examples underscore the fact that the values set for each processing timeline may have to be discussed individually. Given the need for an individual analysis of each processing timeline, RAN1 should prioritize the most important items first. This is especially important as some timelines are dependent on others while other timelines should be specified in or are dependent on progress in other sub-agenda items in the work item. To facilitate the discussion, in Table 6, we classify the processing timelines into three groups: 

· Group 1: items that need to be independently specified. We split  these items into a higher priority group that should be addressed first and a lower priority group that can be addressed later.
· Group 2: items that are dependent on the values set in group 1.
· Group 3: items that should be specified in or are dependent on progress in other sub-agenda items in the work item. 

In addition to these processing timelines, the following items should be investigated in the WI as changing the SCS may have an impact on their operation:

· Default PUSCH time Domain resource allocation for normal CP
· 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
· Beam Switch Timing for periodic CSI-RS + aperiodic CSI-RS
· Beam switch timing for aperiodic CSI-RS
· Aperiodic CSI-RS timing offset 
· Application delay of the minimum scheduling offset restriction
· SRS triggering after DCI reception

These new items are grouped in a similar manner to the original list in Table 7.

[bookmark: _Ref61589926]Table 6 : Processing Timeline Classification
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[bookmark: _Ref61601141]Table 7: New Processing Timeline Classification[image: Table
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Proposal 4: Modify the UE processing timelines to account for the 480 kHz and 960 kHz SCSs. These should be discussed individually. 

Proposal 5: RAN1 should prioritize the discussion of the critical processing timelines in order of (a) parameter independence (b) priority and (c) sub-agenda item dependence. 

Proposal 6: investigate the need for enhancements and standardization, of the following processing timelines:
· Default PUSCH time Domain resource allocation for normal CP
· 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
· Beam Switch Timing for periodic CSI-RS + aperiodic CSI-RS
· Beam switch timing for aperiodic CSI-RS
· Aperiodic CSI-RS timing offset 
· Application delay of the minimum scheduling offset restriction
· SRS triggering after DCI reception

Scheduling and HARQ Feedback
In this section, we discuss scheduling enhancements such as multi-PDSCH/PUSCH transmission with a single DCI, the corresponding HARQ enhancements to support it and frequency domain scheduling enhancements.

Multi-PDSCH/PUSCH transmission with a single DCI
In [7], we propose a multi-slot framework for PDCCH monitoring to limit the overall PDCCH decoding complexity. This requires that RAN1 consider increasing the minimum time domain scheduling unit and enable scheduling over this larger unit. It may be noted that scheduling each PUSCH and PDSCH via a separate DCI would waste resources because many of the parameters signaled would be redundant across the respective DCIs. It may therefore be advantageous to schedule multiple PUSCHs and/or multiple PDSCHs (i.e., multiple PxSCHs) via a single DCI, to reduce the  scheduling overhead. 

To reduce the control signaling overhead within the larger scheduling unit, the WID proposes enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI based on the following agreements in RAN1 #102-e and RAN1 #103-e:

	RAN1 #102-e
Agreement:
· Study of time domain scheduling enhancements for PDSCH/PUSCH, if needed
· e.g., increasing the minimum time-domain scheduling unit to be larger than one symbol, supporting multi-PDSCH scheduled by one DCI, supporting one TB mapped to multiple slots (i.e., TTI bundling)




	RAN 1 #103-e
Agreement:
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:
a. whether to support a single TB and/or multiple TBs scheduled over multiple slots
b. applicable DCI format(s) (including potential new formats, if needed) for multi-PDSCH and multi-PUSCH scheduling
c. Enhancement on multiple beam indication and association with multiple PDSCH/PUSCH scheduling
d. DM-RS enhancements such as DM-RS bundling, or changes to the time-domain pattern
e. HARQ enhancements for multi-PDSCH
f. Applicability of Rel-16 multi-PUSCH scheduling.


Rel-16, multi-TTI PUSCH transmission: In Rel-16, multi-TTI PUSCH transmission is transmitted in multiple scheduled slots and/or mini-slots with different Transport Block (TB) using a single UL grant for higher efficiency and increased UL transmissions probability in shared spectrum for NR-U. The increased UL efficiency is due to the fact that other users are unable to contend for the spectrum between transmissions. To support multi-TTI PUSCH scheduling using DCI format 0_1, the gNB sends parameters in such a manner that information that is applicable to all the TTIs are transmitted once while independent information is transmitted multiple (N) times. This is illustrated in Table 8. 

[bookmark: _Ref61595007]Table 8: Rel 16 multi-TTI PUSCH signaling
	Parameter
	Sub-parameter
	Number of times signaled

	FDRA
	
	1

	TDRA
	
	1

	
	K2
	1

	
	S, L
	N

	
	Mapping
	N

	MCS
	
	1

	NDI
	
	N

	RV
	
	N

	HARQ process number
	
	1, incremented by 1 for each PUSCH transmitted



The Rel-15 TDRA table is extended such that each row indicates multiple PUSCHs  that are continuous in the time-domain. The TDRA table configuration allows indicating single or multiple continuous PUSCHs in any slot of the multiple scheduled slots with a maximum of  8 PUSCHs in a row where each PUSCH has a separate SLIV and mapping type. The number of NDI bits and RV bits in DCI format 0_1 is determined based on the configured TDRA table with 1 RV bit per PUSCH in case multiple PUSCHs are scheduled and 2 RV bits for the PUSCH in case only a single PUSCH is scheduled. A single value each for K0, HARQ process number and MCS is signaled. The Rel-16 NR-U multi-TTI PUSCH transmission design can be used as a baseline for the Rel-17 multi-PDSCH/PUSCH transmission design.

Rel-17 multi-PDSCH/PUSCH transmission: Rel-17 multi-PDSCH/PUSCH transmission should extend Rel-16 multi-TTI PUSCH transmission by 
a) allowing both uplink and downlink multi-TTI scheduling (from the agreement)
b) allowing for non-continuous transmission of PDSCH/PUSCH. This may be used to enable multiple UEs with various timing requirements to be scheduled as it allows interspaced scheduling of the UEs to satisfy the timing requirements in either downlink or uplink transmission. As an example, traffic from UE1 can be interspaced with traffic from UE2 in case both UEs have both high priority and low priority information to be scheduled. It could also allow for transmission of multiple beams within the scheduling unit to single UE in the case that a symbol gap may be needed to allow for beam switching (e.g., in 960 kHz SCS transmission).
c) allowing for multiple TCI states to be signalled to the UE. This is in case a UE1 may be scheduled with another beam during the transmission or is frequency multiplexed with a two separate UEs during the transmission at different times with the beam required for pairing UE1 and UE2 different from the beam required for pairing UE1 and UE3.  

Signaling for multi-PxSCH transmission: As in the specification of Rel-16 multi-TTI PUSCH transmission, it is necessary to study the downlink and uplink information that need to be communicated to the UE and decide which fields can be signaled separately or jointly to maximize the parameter independence between each PxSCH transmission while minimizing the overhead. As such, the following fields should be discussed:

· For PUSCH transmission, the following DCI fields should be discussed: FDRA, TDRA, MCS, NDI, RV, HARQ process number, DAI, priority, and CBGTI. 
· Given that the transmissions may be non-continuous, fields such as the FDRA and MCS may be sent per PUSCH transmission unlike in Rel-16-PUSCH transmission. 
· Signaling is needed for DAI and CGGTI unlike in Rel-16 to support HARQ for multi-PDSCH transmissions.
· Signaling can be enabled to support the UE transmitting a sub-set of the entries in a TDRA row to allow for more flexibility.
· Signaling is needed for priority levels.
· For PDSCH transmission, the following DCI fields should be discussed: FDRA, TDRA, MCS1/2, NDI 1/2, RV 1/2, HARQ process number, DAI, PRI, K1, priority, CBGTI, and CBGFI. 
· Additional signaling is needed for the second codeword compared with uplink which is single codeword transmission.
· New signaling is needed for PRI, K1, priority, DAI, CBGTI and CBGFI to support HARQ.

Note that  given that the transmission is based on a configured TDRA over multiple slots, the gNB may need to make a change mid-transmission. The UE behavior in this case needs to be specified. 

HARQ Feedback
Rel-15 HARQ is defined per slot, while Rel-16 HARQ is defined per sub-slot. To support multi-slot PDCCH monitoring, multi-slot scheduling and multi-PDSCH transmission in Rel-17, the HARQ operation needs to be reviewed. RAN 1 should define a multi-slot based HARQ procedure which aggregates a set of slots to function as a single HARQ group. A Hybrid-ARQ slot group is a group of slots within which we have a HARQ-ACK codebook (or a set of hybrid-ARQ codebooks). The HARQ processing occurs on the group of slots. Multi-slot based HARQ feedback for multi-PDSCH transmission requires identifying the correct  PUCCH Resource needed for HARQ feedback. This entails identifying the value of K1, choosing a specific PUCCH resource set, selecting a specific PUCCH resource and then feeding back the HARQ-ACK based on the codebook type. A single PUCCH resource may be indicated for the HARQ feedback where the HARQ feedback is tied to the entire multi-PDSCH transmission. Alternatively, each PDSCH transmission may be assigned a separate HARQ feedback with its own independent PRI. The HARQ feedback could be also associated with a HARQ priority as in Rel-16.

Proposal 7: multi-PDSCH/PUSCH transmission with a single DCI should support single or multiple non-continuous PDSCHs/PUSCHs  in multiple scheduled slots/mini-slots.

Proposal 8: For the single scheduling DCI, study the DCI fields that should be separate and combined to maximize parameter independence while reducing overhead.
· For PUSCH transmission, the following DCI fields should be discussed: FDRA, TDRA, MCS, NDI, RV, HARQ process number, DAI, priority, and CBGTI. 
· For PDSCH transmission, the following DCI fields should be discussed: FDRA, TDRA, MCS1/2, NDI 1/2, RV 1/2, HARQ process number, DAI, PRI, K1, priority, CBGTI, and CBGFI. 

Proposal 9: Specify a multi-slot HARQ procedure to support multi-slot HARQ processing. 
Frequency Domain Enhancements
In RAN1 #102-e of the study item, frequency domain enhancements for scheduling were discussed. This may be important in the case where multiple independent FDRA fields are sent for each TTI in multi-PDSCH/PUSCH scheduling. 

The relevant agreements are shown below:

	RAN1 #102-e
Agreement:
Consider at least the following aspects of scheduling for BWP with a given SCS
· Study of frequency domain scheduling enhancements/optimization for PDSCH/PUSCH, if needed
· e.g., potential impact to UL scheduling if frequency domain resource allocation with different granularity than FR1/2 (e.g., sub-PRB, or more than one PRB) is supported



As there may be a limited number of UEs per beam due to the narrow beams in this frequency band, there may be a need to increase the FDRA granularity to allow larger frequency allocations to each UE. For DL/UL Resource Allocation Type 0, this can be done by increasing the RBG sizes above the current limit of 16. For Resource Allocation Type 1, this can be done by modifying the Resource Indicator Value to use a minimum number of allocated RBs and conceptually change the resolution. 

In addition, the FDRA bit may be disabled to allow allocation to a single UE especially in the downlink. For UL scheduling, UEs that are stationary and near the cell center may also benefit from this. UEs near the cell edge may need to reduce their frequency allocation to enable them concentrate power in a smaller BW subject to PSD constraints and as such may need smaller allocations.

Proposal 10: The FDRA size should be optimized to reduce the FDRA overhead by
· Increasing the RBG sizes or modifying the RIV calculation.
· Enabling signaling of the FDRA to be disabled to support TDMA transmission

Reference Signals
DMRS
In RAN1 #102-e, the following agreement was made:
	Agreement
· Consider at least the following aspects of DM-RS design for a given SCS
· Channel estimation performance of existing DM-RS design with existing and new SCSs (if any)
· Study whether there is a need of any modification/changes to existing DM-RS design
· Potential modification or introduction of new DM-RS pattern, configuration or indication to aid performance improvement for CP-OFDM and DFT-S OFDM waveforms (if needed)




The increase in SCS may result in REs that are set at an interval larger than the coherence BW of the channel. This could result in poor channel estimation performance and cause the FD-OCC to fail. To improve channel estimation performance,  RAN1 can change the specific DMRS pattern to a value smaller than the coherence bandwidth and/or have the gNB send an indication the UE to turn on or off the FD-OCC based on the coherence bandwidth of the channel. Figure 3 illustrates the benefits of adaptively turning on /off the FD-OCC depending on the frequency selectivity of the channel. The figures show the performance of a PDSCH transmission using the link level evaluation assumptions captured in the study item report [2]. From the figure, we see that at high frequency selectivity (low coherence bandwidth with 10 nsec and 20 nsecs delay spread) there is a benefit in turning off the FD-OCC and  at lower frequency selectivity (high coherence bandwidth with 5 nsecs delay spread), there is no difference in the performance and the FD-OCC can be turned on to increase the number of antenna ports transmitted.  


[image: ]
[bookmark: _Ref61636175]Figure 3: Adaptive FD-OCC with different delay spreads. Type 1 DMRS configuration


Proposal 11:  To account for transmission with large SCSs in low coherence BW channels, 
· turn on or off the FD-OCC based on the scenario the channel is in 
· configure the UE with a DMRS pattern based on the new SCSs and  the coherence bandwidth of the channel 
PTRS
In RAN1 #102, the following agreements were made:
	Agreement
· Consider at least the following aspects of PT-RS design for a given SCS
· Phase noise compensation performance of existing PT-RS design
· Study of need of any modification/changes to existing PT-RS design
· Potential modification to the PT-RS pattern or configuration to aid performance improvement for CP-OFDM and DFT-s-OFDM waveforms (if needed
Potential methods to aid ICI compensation at the receiver (if needed)



From our analysis in [9], there may be a need to improve the Rel-15/Rel-16 PTRS design to account for the increase in CPE PN variance at the higher frequencies. Examples of improvements to the design suitable for the increased PN can include allowing power boosting with power borrowed from frequency rather than from space as in Rel-15 and modifying the PTRS pattern for more robust ICI compensation. 

Power boosting may be necessary especially if analog beamforming is used as power boosting from another port is only possible with digital beamforming. Note that this has to satisfy any PSD regulatory limits. 

A detailed discussion with simulation results on the use of the PTRS in PN compensation can be found in [10]. We investigate the performance of a 3-tap ICI compensation filter with different PTRS patterns and show the improvement predicted by the analysis in [9] over CPE compensation only with a modified PTRS pattern.  This leads to the conclusion that RAN1 should consider the use of a new PTRS and/or Phase Noise ICI compensation to improve performance and limit need for specifying higher SCS. 

Proposal 12: RAN1 should support frequency domain power boosting for PTRS where regulations allow and new PTRS patterns to mitigate time varying phase noise with each symbol.

Conclusion
In this contribution, have the following conclusions:
Proposal 1: Multiple carrier bandwidths should be specified with carrier bandwidths that are multiples of about 400 MHz

Proposal 2: The maximum channel bandwidth of about 2.16 GHz should be used for co-existence with the existing 802.11ad/ay channel allocation with no overlap between a single NR channel and multiple 802.11ad/ay channels.

Proposal 3: For 120 kHz and 480 kHz, 2 GHz channel bandwidth transmission can be achieved by carrier aggregation.

Proposal 4: Modify the UE processing timelines to account for the 480 kHz and 960 kHz SCSs. These should be discussed individually. 

Proposal 5: RAN1 should prioritize the discussion of the critical processing timelines in order of (a) parameter independence (b) priority and (c) sub-agenda item dependence. 

Proposal 6: investigate the need for enhancements and standardization, of the following processing timelines:
· Default PUSCH time Domain resource allocation for normal CP
· 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
· Beam Switch Timing for periodic CSI-RS + aperiodic CSI-RS
· Beam switch timing for aperiodic CSI-RS
· Aperiodic CSI-RS timing offset 
· Application delay of the minimum scheduling offset restriction
· SRS triggering after DCI reception

Proposal 7: multi-PDSCH/PUSCH transmission with a single DCI should support single or multiple non-continuous PDSCHs/PUSCHs  in multiple scheduled slots/mini-slots.

Proposal 8: For the single scheduling DCI, study the DCI fields that should be separate and combined to maximize parameter independence while reducing overhead.
· For PUSCH transmission, the following DCI fields should be discussed: FDRA, TDRA, MCS, NDI, RV, HARQ process number, DAI, priority, and CBGTI. 
· For PDSCH transmission, the following DCI fields should be discussed: FDRA, TDRA, MCS1/2, NDI 1/2, RV 1/2, HARQ process number, DAI, PRI, K1, priority, CBGTI, and CBGFI. 

Proposal 9: Specify a multi-slot HARQ procedure to support multi-slot HARQ processing. 

Proposal 10: The FDRA size should be optimized to reduce the FDRA overhead by
· Increasing the RBG sizes or modifying the RIV calculation.
· Enabling signaling of the FDRA to be disabled to support TDMA transmission

Proposal 11:  To account for transmission with large SCSs in low coherence BW channels, 
· turn on or off the FD-OCC based on the scenario the channel is in 
· configure the UE with a DMRS pattern based on the new SCSs and  the coherence bandwidth of the channel 

Proposal 12: RAN1 should support frequency domain power boosting for PTRS where regulations allow and new PTRS patterns to mitigate time varying phase noise with each symbol.
.
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Table 10.3-1 Mir
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