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1. Introduction
[bookmark: _Hlk49520809]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. The work item on supporting NR from 52.6 GHz to 71 GHz was update and approved in RAN#90-e meeting [1], objects of WI are listed as following 
	· 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 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.



In this document, the issues on PDSCH/PUSCH enhancements for up to 71GHz operation was discussed, which includes including maximum bandwidth for new SCSs, time line related aspects scheduling for. multi-PDSCH/PUSCH by a single DCI
.
2. Consideration of System Bandwidth with 480 and 960 kHz SCS 
The study of NR requirements beyond 52.6 GHz in [2] has the requirements of the supporting system bandwidths exceed the 400 MHz maximum bandwidth in associated with the new 480 and 960 kHz SCS in NR.   The system bandwidth provided by the regulatory bodies in different regions in certain bandwidth, such 250MHz blocks that can be aggregated to up to 5 GHz in Europe, South Africa, and Canada, 4.75 GHz blocks in UK, up to 5 GHz and 0.9 GHz blocks in US. The IEEE 802.11ad/802.11ay systems support multiple of 2.16 GHz block in unlicensed spectrum.  The maximum bandwidth for a single carrier needs to be supported should be extended from 400 MHz to at least 1 GHz and up to 1.6 GHz for large block of spectrum available for NR operating up to 71 GHz. Larger system bandwidth in high frequency is critical in improving the user perceived throughput (UPT) and improve the trunking efficiency. The increase of the maximum system bandwidth also implies the additional processing capability and processing power at the UE, e.g., sampling rate and processing speed. The maximum system bandwidth also needs to consider practical hardware limitation and UE complexity since the increase of the maximum system bandwidth would increase the processing speed in RF and baseband proportionally.   Thus, the maximum system bandwidth could not be increased unconditionally without considering the limitation of practical implementation.   
For unlicensed operation in 52.6 -71GHz, the larger system bandwidth might be compatible with other system, such as 802.11ad/802.11ay.    However, the advantage and drawback of supporting larger system BW for NR should be carefully evaluated before the decision is made. 
The challenges in RF design for increasing the system bandwidth include A/D sampling, D/A filter, and I/Q mismatch.   The sampling rate for A/D converter could not be lower than the system bandwidth to avoid aliasing.   The support of maximum system bandwidth up to 1.6 GHz would imply that the sampling rate would be more than 1.6 Gbps, which the sampling interval is smaller than 0.625 ns.  
In NR, the basic time unit is defined as the smallest unit for all NR parameters and configurations.   The basic time unit defined in Rel-15 already takes into consideration of the future NR enhancements follows,

  
Where Δf max=480 kHz  Nf = 4096. 
[bookmark: _GoBack]The calculation of basic time unit Tc in NR is considered maximum FFT size of 4096 and already takes into account the future enhancement with the assumption of subcarrier spacing of 480 kHz. Thus, the extension of the SCS in support of maximum system BW up to 1.6 GHz has been provisioned in the definition of basic time unit Tc. It was agreed in RAN#90 [1] that both 480 kHz and 960 kHz SCS are supported for the control/data channels.  The system bandwidth would be defined associated with the new SCS.   The consideration of system bandwidth should also consider the specification impacts.   
Tc has been incorporated as the unit in the RAN1/RAN4 specifications for deriving timing related performance and procedure.   One example of Tc in Clause 6.4 of TS38.214 [4] is as follows,


[bookmark: _Hlk496824026][bookmark: _Hlk45746554]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 

Another example of TC in Clause 7.1.2 of TS38.133 [5] is shown in the following,

The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	When it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
[image: ](in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ]is defined in Table 7.1.2-2.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]




There are more timing related procedures and performance requirements incorporated Tc as the basic unit in RAN1/RAN4 specifications.   If the value of Tc with new SCS (e.g, Rel-17 Tc is half the value of Rel-15 Tc), all the values and formula would need to be changed in Rel-17 specifications.  
[bookmark: _Hlk61366884]Proposal 1:   The maximum system bandwidth should be supported  up to 1.6 GHz.  The system analysis of supporting more than 1.6 GHz system BW should be supported with the condition of not changing of the value of Tc.  

3. Potential impacts of physical signal/channel with higher SCS 
3.1 Processing timelines design issue
The UE processing capability would increase as the increase of the maximum system bandwidth or/and the increase of SCS for the control and data channels.  The UE processing time, such as PDCCH decoding, PDSCH processes and associated HARQ-ACK generation and feedback, and BWP switching, would require additional investigation when  480 kHz and 960 kHz SCS are supported for the control and data channels.  A new set of the UE capability needs to be specified as well for the processing time associated with the 480 kHz and 960 kHz SCS  control and data channels. 
· PDSCH processing time (N1) and PUSCH preparation time (N2)
In Rel-15, PDSCH processing time (N1) and PUSCH preparation time (N2) were discussed carefully and two level   of UE processing capability are defined.  Capability 2 is for UE with high processing capability, which is defined  to  support service with tight processing timeline, such as URLLC service. Capability 1 is for UE with general processing capability and service with moderate processing timeline, such as eMBB. The N1 values of capability 1 in Rel-15 are shown as follows, 
Table 1: PDSCH processing time for PDSCH processing capability 1 from [4]
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
(CASE1 )
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 
(CASE 2)

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



The N1 value is specified based on the UE processing time required to complete the PDSCH decoding of the maximum system bandwidth.  The vast majority time consumption of UE PDSCH processing is the LDPC decoding of code blocks.  The maximum LDPC code block size is 8192 bit.   The LDPC would be in pipeline processing when there are more than one LDPC code blocks.  The UE processing time would depend on the number of code blocks within the maximum system bandwidth for each SCS.  When the symbol duration reduced for larger SCS, the fraction of processing time for  RF/Baseband processing other than LDPC decoding would increase in terms of number of symbols.  When the SCS is double, the symbol and slot duration  are in half.   The N1 processing time in terms of number of OFDM symbols would require double the time intuitively.   However, the number of PRBs would be also reduced in half within the same maximum system bandwidth when the SCS is double.  The number of code blocks would be roughly reduced in half when the number of PRBs are reduced in half.      We can see the N1 processing capability in Table 1 that the processing time in term of OFDM symbols are not in the same range when SCS is double.   From Table 1, the fraction of RF/baseband processing other than LDPC decoding increases when SCS increases.   

The system bandwidth expects to increase from 400 MHz with the introduction of 480 kHz and 960 kHz SCS.  From Table 1, we can see that the UE processing time N1 for each SCS is derived based on the maximum system bandwidth of 400 MHz.   The processing time N1/N2 could not be finalized without the maximum system bandwidth supported with 480 kHz and 960 kHz SCS .  

Proposal 2:  The UE processing time N1/N2 with 480KHz/960KHz SCS could not  be determined before  the maximum system bandwidth supported is finalized.  


· On k0, k1,k2 configuration(s)
[bookmark: _Hlk61378763]In[]3I,it was identified that appropriate configuration(s) of k0 (PDSCH), k1 (HARQ), k2 (PUSCH) can be studied for supporting of the new subcarrier spacing SCS=480KHz/960KHz, the range of k1 value shall match to PDSCH processing time(N1), and  range of k2 value shall be match to PUSCH preparation time (N2),.Since the maximum system bandwidth expects to increase from 400 MHz, the UE processing time and the ranges of k0, k1, k2 values could be finalized before the supported maximum system is determined for 480 kHz and 960 kHz SCS.   

Proposal 3: Since the maximum system bandwidth expects to increase from 400 MHz, the UE the ranges of k0, k1, k2 values could be finalized before the supported maximum system is determined for 480 kHz and 960 kHz SCS.   

3.2 PDSCH/PUSCH scheduling
In [1], The multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI for PDSCH enhancement is considered.   Single DCI scheduling multi-PDSCH/PUSCH transmission would reduce the scheduling overhead on PDCCH when large amount of data expects to be scheduled.   However, the multi-PDSCH/PUSCH scheduling would depend on the DCI design whether what information in the DCI would be common for all PDSCH/PUSCH and the other information is used to derive the require information for all PDSCH/PUSCH transmissions.    

The aspects of DCI design in support of multi-PDSCH/PUSCH scheduling to be considered are as follows
· HARQ process ID 
· RV information for initial transmission and retransmission.   
NDI used and derivation for each HARQ processor.  And an example of multi-PUSCH scheduling in a DCI is shown as following figure


Figure 1 multi-PUSCH scheduling in NR-U

As shown in  Figure1, the maximum number of PUSCH scheduled is 6 for NRU, and bit length of RV and NDI is 6 even if the actual scheduling 4 PUSCHs.

Proposal 3: DCI design for multi-PDSCH/PUSCH transmission needs to have the flexibility of supporting multiple concurrent HARQ operation.  

In Rel-15/16, fall back DCI (e.g format 1_0/0_0)  is defined, which is used for scheduling common message and UE specific data, the common message include  system information  and paging information, the UE specific data include MSG2/MSG3/MSG4,RRC/NAS and traffic data. Generally, the format of fall back DCI shall be compatible to Rel-15/Rel-16 UE, and one TB can carry overload of SIBx/paging, Msg/2/3/4, or RRC/NAS message. So the fall back DCI, multi-PDSCH/PUSH in one DCI is not supported.
Proposal 4: for fall back DCI (e.g format 1_0/0_0) does not support multi-PDSCH/PUSH transmission

4. Conclusion 
This contribution discussed the new waveform for the support of NR operation up to 71 GHz. We have the following proposals,
Proposal 1: The maximum system bandwidth should be supported up to 1.6 GHz.  The system analysis of supporting more than 1.6 GHz system BW should be supported with the condition of not changing of the value of Tc.  
Proposal 2: The UE processing time N1/N2 with 480KHz/960KHz SCS could not be determined before the maximum system bandwidth supported is finalized.  
Proposal 3: DCI design for multi-PDSCH/PUSCH transmission needs to have the flexibility of supporting multiple concurrent HARQ operation.  
Proposal 4: For fall back DCI (e.g. format 1_0/0_0) does not support multi-PDSCH/PUSH transmission


5. Reference
[bookmark: _Ref61339859][bookmark: _Ref53495779]RP-202925, “Revised WID:  Extending current NR operation to 71 GH”, CMCC 
[bookmark: _Ref40311422]RP-192263, “TR 38.807-100: Study on requirements for NR beyond 52.6 GHz”, Intel
TR 38.808 v1.0.0 : " Study on supporting NR from 52.6 GHz to 71 GHz ". 
[bookmark: _Ref61366266]TS38.214v16.4.0, “Physical layer procedures for data”.
[bookmark: _Ref61366310]TS38.133v16.6.0, “Requirements for support of radio resource management”.
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