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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK15]At the RAN #90 meeting, a new WID on extending current NR operation to 71 GHz[1] was approved. And in the WID, one of the objective is the specifying PUSCH/PDSCH design. 
· 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 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.
Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
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.
Note 4: the system is designed to support both single-carrier and multi-carrier operation.
[bookmark: _Hlk58594589]Note 5: RAN plenary will decide whether new FR (e.g. FR3) shall be defined for the frequency range from 52.6GHz-71GHz or the existing FR2 shall be extended to cover frequency range from 52.6GHz-71GHz.

In this contribution, we discuss potential PUSCH/PDSCH enhancement, including defining maximum bandwidth for new SCSs, time line related aspects adapted to each of the new numerologies 480kHz and 960kHz, reference signals, scheduling particularly w.r.t. multi-PDSCH/PUSCH with a single DCI, HARQ, etc.
 Discussion
2.1 Maximum bandwidth for new SCSs
In 60 GHz band, the exiting international/regional spectrum regulation specifications including ETSI EN 302 567 V2.1.20 do not offer any channelization scheme. Nevertheless, IEEE 802.11ad/ay provides a channelization scheme based on a basic channel bandwidth of 2.16 GHz. The channelization defined in IEEE 802.11ay is shown in Figure 2.1-1.
[image: ]
Figure 2.1-1: Channelization used by IEEE 802.11ay
From Figure 2.1-1,  in addition to basic channel bandwidth 2.16 GHz, we can see IEEE 802.11ay also supports some other channel bandwidths i.e.  GHz with K = 2, 3, 4, which means two, three or four continuous basic channels can form 4.32 GHz, 6.48 GHz or 8.64 GHz channel bandwidth. According to Figure 2.1-1, we calculate detailed frequency ranges of each channel with 2.16 GHz bandwidth for frequency band 57 GHz - 71 GHz in IEEE 802.11ay, as shown in the Table 2.1-1 below. 
Table 2.1-1: Channelization of 2.16 GHz channel in IEEE 802.11ay
	
	Channelization [GHz]

	
	Channel #1
	Channel #2
	Channel #3
	Channel #4
	Channel #5
	Channel #6

	Center frequency
	58.32
	60.48
	62.64
	64.80
	66.96
	69.12

	Frequency range
	57.24 - 59.40
	59.40 - 61.56
	61.56 - 63.72
	63.72 - 65.88
	65.88 - 68.04
	68.04 - 70.20



For whether to consider co-existence with the above IEEE 802.11ad/ay channelization, there are two different options for NR operation above 52.6 GHz, as shown in Figure 2.1-2.
[image: ]
Figure 2.1-2: Channelization options for NR operation above 52.6 GHz
· Option 1: Align the above IEEE 802.11ad/ay channelization at least in unlicensed band (e.g. 57 GHz - 71 GHz).
In order to align Wi-Fi design, the first sub-option (Option 1-1) is that to support a channelization scheme with the granularity of 2.16 GHz channel bandwidth. In other licensed frequency band (e.g. 52.6 GHz - 57 GHz) or in a controlled environment without Wi-Fi devices, it can be designed uniformly with unlicensed band (i.e. 2.16 GHz) or independently (e.g. 400/800/1600 MHz). However, according to Table 4.2.1-1 in 3GPP TR 38.807, we can find the allocation for unlicensed frequency band at 60 GHz band varies greatly in different countries/regions, such as USA has a maximum range of unlicensed frequency band from 57 GHz to 71 GHz, but China only defines a 5 GHz bandwidth (59 GHz ~ 64 GHz) as unlicensed frequency band. 
If 2.16 GHz is defined as the channel bandwidth in 60 GHz unlicensed band, it is not flexible enough as it is single and somewhat large. A lot of frequency spectrum resource will be wasted in some countries/regions e.g. in China. As illustrated in Figure 2.1-3, at most two channels each with 2.16 GHz (i.e. Channel #2 and Channel #3 in IEEE 802.11ay) can be defined in the unlicensed frequency band allocated in China. There are 400 MHz and 280 MHz bandwidth on the left and right sides respectively that cannot be utilized. That is to say, the total 680 MHz will be wasted. Obviously, if smaller channel bandwidth(s) is allowed to be used, the above spectrum waste problem will be alleviated. The use on frequency spectrum resources in 60 GHz unlicensed band will be more flexible.
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Figure 2.1-3: Channelization scheme of IEEE 802.11ay and allocated unlicensed bands in China
In addition, if defining different channel bandwidths in licensed band (e.g. 400/800/1600 MHz) and unlicensed band (2.16 GHz), it is not beneficial to strive for constructing a common framework  for licensed and unlicensed operation  and reuse Rel-15/16 design and procedure for Rel-17 NR above 52.6 GHz.
Option 1-2 for aligning Wi-Fi channelization is to divide X of 400 MHz, Y of 800 MHz and Z of 1600 MHz per 2.16 GHz bandwidth defined in Wi-Fi, where X = 0 to 5, Y = 0 to 2, and Z = 0 to 1. For example, in Wi-Fi channel #2 with 2.16 GHz as shown in Figure 2.1-2, five 400 MHz channel bandwidths, or three 400 MHz and one 800 MHz can be placed in it. Option 1-2 is similar to Option 1-1 and it will waste a lot of frequency spectrum resources.
· Option 2: No need to align the above IEEE 802.11ad/ay channelization

Another solution is that Rel-17 NR above 52.6 GHz only needs to meet requirements from regional/international spectrum rule specifications. But since such kind of specifications e.g. ETSI standard does not give any channelization scheme on this band range, so NR above 52.6 GHz can ignore Wi-Fi channelization in principle. If based on this consideration, the channel bandwidth determination for NR above 52.6 GHz is relatively simple and flexible as there is no strict restriction from Wi-Fi. In this case, 400/800/1600 MHz are preferred as the channel bandwidth(s) for NR above 52.6 GHz since they inherit the design of FR2 and avoid the waste of large spectrum resources in unlicensed band. 
[bookmark: _GoBack]However, some companies doubt Option 2 may lead to uncertainty on the existing Wi-Fi systems that have been already deployed in the same region. If necessary, the smaller channel bandwidth(s) e.g. 400/800/1600 MHz can be aggregated to achieve a larger bandwidth, that is close to a 2.16 GHz nominal bandwidth, as shown in Option 2-1 in Figure 2.1-2. Considering the high propagation losses and narrower beam transmission in above 52.6 GHz band, collision and interference are not as serious as 5 GHz band. Friendly coexistence with Wi-Fi systems can be further achieved by no-LBT, ATPC, DFS and other interference mitigation schemes, thus Option 2-2 without supporting the nominal channel bandwidth of 2.16 GHz can also be considered. 
In the following, system level simulation is performed to evaluate the performance impact of different channelization schemes, which can be also found in our companion paper [6]. The evaluation scenario is Indoor scenario A. There are two operators in the scenario (operator A and operator B), no LBT is used in both operators for the DL only case.
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(a) Aligned case                                                  (b) Misaligned case
Figure 2.1-4 Aligned and misaligned cases for two operators
The channel of aligned case is shown in Figure 2.1-4(a), two operators have the same channel bandwidth 2GHz, and the channels are aligned with each other. In Figure 2.1-4(b), operator B uses three 800MHz channels misaligned with 2GHz channel used by operator A, the UEs of operator B are divided into three groups, each group can be scheduled in one sub-channel. Furthermore, in misaligned case, to achieve a relatively fair comparison, operator B has the same power per channel as operator A.
Figure 2.1-5 compares the throughput of operator A in downlink at both low load and medium load. 
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Figure 2.1-5 DL mean user throughput
It can be shown that, in terms of user throughput with different traffic loads, the performance of operator A in misaligned case is comparable to the aligned case.
Observation 1: Aligned and misaligned channelization show similar performance in coexistence scenario.
Proposal 1: The following options are proposed for channelization for Rel-17 NR beyond 52.6 GHz, wherein Option 2 is preferred.
· Option 1: Align the channelization of Rel-17 NR with Wi-Fi design at least in unlicensed band (e.g. 57 GHz - 71 GHz) 
· Option 1-1: Support a basic unit of 2.16 GHz channel bandwidth 
· Option 1-2: Divide X of 400 MHz, Y of 800 MHz and Z of 1600 MHz per 2.16 GHz bandwidth. Where X = 0 to 5, Y = 0 to 2, and Z = 0 to 1. 
· In other licensed frequency band (e.g. 52.6 GHz - 57 GHz) or in a controlled environment without Wi-Fi devices, it can be designed uniformly with unlicensed band or independently 
· Option 2: No need to align the channelization of Rel-17 NR with Wi-Fi design even in unlicensed band. Support the same bandwidth(s) (e.g. 400/800/1600 MHz) in licensed and unlicensed frequency bands 
· Option 2-1: Support a nominal channel bandwidth of 2.16 GHz by the aggregation of above basic bandwidth(s) (e.g. 400/800/1600MHz)
· Option 2-2: No need to support a nominal channel bandwidth of 2.16 GHz 
In SI phase, RAN1 has agreed that candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz. The maximum FFT size required in 52.6 GHz ~ 71 GHz frequency band is 4096, and the maximum of RBs per carrier is 275 RBs. Base on above options and corresponding analysis, it is not necessary to support a maximum channel bandwidths of 2160 MHz. The maximum channel bandwidth for the new SCSs 480/960kHz can be designed as an integral multiple of the maximum channel bandwidth that is supported by SCS 120 kHz, but smaller than 2160 MHz. Thus 1600 MHz can be defined as the maximum channel bandwidth for 480/960 kHz, as illustrated in Table 2.1-2. Larger bandwidths can be achieved by the aggregation between several smaller channel bandwidths.
Table 2.1-2: Maximum channel BW for NR above 52.6 GHz
	Numerology for NR above 52.6 GHz
	
[kHz]
	
(IFFT size)
	 [MHz]
(=×N)
	Maximum transmission BW [MHz]
	# of RBs
	Maximum channel BW [MHz]

	          µ = 3 (as in FR2)
	120
	4096
	491.52
	380.16
	264
	400

	µ = 5
	480
	4096
	1966.08
	1520.64
	264
	1600

	µ = 6
	960
	2048
	1966.08
	1520.64
	132
	1600



Proposal 2: The maximum channel bandwidth for the new SCSs 480/960 kHz can be defined as 1600 MHz.
[bookmark: _Toc28873153]2.2 Multi-PDSCH/PUSCH scheduling 
As we known multi-PDSCH/PUSCH scheduling can release the PDCCH monitoring burden, therefore it can be used for the case where slot-group level PDCCH monitoring occasions are configured. In NR-U, multiple PUSCH scheduling has been specified in Rel-16, and a single DCI can schedule multiple consecutive PUSCH transmissions. This scheme can be reused for high frequency and each UE can be scheduled with multiple PDSCHs/PUSCHs in the consecutive slots.
For DCI design, multi-PUSCH scheduling DCI design introduced for NR-U can be reused. And for multi-PDSCH scheduling DCI design, same DCI bit field design can be considered. For example, for time domain resource allocation, each row of PDSCH time domain resource allocation table can contain single k0 and multiple mapping types and SLIVs. And the single k0 is applied to the first scheduled PDSCH, and the multiple mapping types and SLIVs are one-to-one corresponding to the multiple scheduled PDSCHs, and the number of scheduled PDSCHs can be implicit obtained by the number of the mapping types and SLIVs. And the HARQ process ID signalled in the DCI applies to the first scheduled PDSCH and for subsequent scheduled PDSCHs HARQ process ID is then incremented by 1 in the scheduled order (with modulo operation as needed). In addition, the NDI and RV in the DCI are signalled per scheduled PDSCH, and the MCS and FDRA is the same for the scheduled PDSCHs. Furthermore, for the DCI format, existing DCI format, such as DCI format 0_1and DCI format 1_1 can be reused.
Further discussion on how to construct HARQ-ACK codebook should be specified for multi-PDSCH scheduling. In unlicensed band, the enhanced dynamic HARQ-ACK codebook and one-shot HARQ-ACK feedback introduced in Rel-16 NR-U can be supported for more transmission opportunity provided for HARQ-ACK feedback. In this case, how gNB triggers or indicates the UE to feedback the HARQ-ACK information for these scheduled PDSCH(s) should be specified. For example, the determination of the PDSCH group index of each scheduled PDSCH, the interpretation of the k1 value for HARQ-ACK feedback for each PDSCH group, and how to design the indication of NFI/T-DAI should be specified. Besides, for beam based PDSCH/PUSCH transmission, how to indicate the transmission beam for each scheduled PDSCHs/PUSCHs should be considered, such as the beam indication cannot be the same for all the scheduled PDSCHs/PUSCHs and each PDSCHs/PUSCHs group can be separately indicated. For NR-U, CBG based scheduling has been discussed but not been supported in multiple PUSCH scheduling as time limited. For high frequency, this issue can be considered again, such as only the retransmitted PUSCH/PDSCH has CBGTI and the new TB not need CBGTI in the DCI, and in this way the DCI overhead can be saved and the scheduling flexibility can improve.
Proposal 3: 
· The scheme used in Rel-16 NR-U for one UL grant scheduling multiple PUSCHs can be a starting point, further enhancement on DCI design (e.g., HARQ-ACK codebook construction, CBG transmission and beam indication) should be considered.

2.3 Reference signals
In 3GPP RAN #90-e Meeting, the WID of above 52.6GHz was approved, including the following statements about PTRS and DMRS enhancement. In this chapter, some evaluations of the required SCSs are provided to study the need of reference signal enhancements. 
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.



[bookmark: _Toc53775906]2.3.1 PTRS Design
In above 52.6 GHz SI phase, it has been discussed that for high modulation order(64QAM) and lower subcarrier spacing(e.g. 120kHz, 480kHz), ICI compensation method, which is probably more complex and efficient compared with CPE compensation, could be utilized to mitigate the phase noise. 

There are 2 kinds of ICI compensation approach with  taps introduced in SI phase:
1) 
Direct De-ICI approach: This approach could be performed with Rel-15 legacy PTRS pattern, the ICI estimation equations are formulated by the distributed PTRS REs and the adjacent data REs, then the received signals will be directly filtered by the estimated filter coefficients.
2) 
ICI filter approximation approach: This approach relies on the consecutive PTRS structure of block PTRS, each  PTRS REs can be circularly used to formulate one ICI estimation equation, then the received signals will be filtered by the conjugate inverse of the estimated filter coefficients.

[image: ]
(a) Rel-15 legacy PTRS        (b)Block PTRS          (c)Hybrid PTRS
Figure 2.3-1. Different PTRS patterns
As shown in Figure 2.3-1, (a) is the Rel-15 legacy PTRS pattern, there will be one PTRS RE for every 2 RBs if frequency density K=2; (b) is block PTRS, the total number of PTRS REs is the same as the legacy distributed PTRS pattern, and these PTRS REs are consecutively placed in frequency domain; (c) is the hybrid PTRS, which combines the features of legacy PTRS and block PTRS, multiple blocks are distributed uniformly in frequency domain.

For block PTRS, the PTRS REs are concentrated in a small part of the whole bandwidth, therefore the frequency diversity couldn’t be reflected well. For hybrid PTRS, each block requires at least  consecutive PTRS REs to formulate enough equations for ICI estimation, it might be difficult to balance the ICI estimation accuracy and the frequency diversity for each PTRS density configuration. 
In order to study whether PTRS enhancement is beneficial, evaluations are performed with the legacy PTRS, block PTRS and hybrid PTRS. To keep the comparison in a relatively fair condition, it is assumed that for each PTRS pattern, 3-tap ICI compensation method are used, the PTRS overhead (i.e. total  number of occupied REs is the same as Rel-15 legacy PTRS with (K=2, L=1). 
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Figure 2.3-2 Performance of different PTRS patterns
As illustrated in Figure 2.3-2, for 120kHz TDL-A 5ns with 64QAM modulation,
1) ICI compensation can achieve 10% BLER while CPE compensation cannot.
2) ICI compensation based on legacy PTRS, block PTRS and hybrid PTRS shows similar performance. 
And for 480kHz TDL-A 5ns with 64QAM modulation, 
1) The performance of ICI compensation based on block PTRS is similar as CPE compensation.
2) The performance of ICI compensation based on hybrid PTRS and legacy PTRS are similar, both provide about 1dB gain @10% BLER and more than 2dB gain @1% BLER compared with CPE compensation.
Observation 2: ICI compensation based on legacy PTRS can achieve similar or better performance compared with block PTRS and hybrid PTRS under the same PTRS overhead.
To investigate the complexity of each ICI compensation approach based on different PTRS patterns, the following main formulas in [4] are analyzed:
Direct De-ICI approach:               

                                                                                              (1)
ICI filter approximation approach:

                                                                                                    (2)


Where and  are respectively ICI filter taps of Direct De-ICI approach and ICI filter approximation approach, it can be seen that the calculation procedures are similar for the 2 approaches, the factors impact the complexity would be the dimension of the matrices.











Assume the number of PTRS REs is M, then for legacy PTRS with Direct De-ICI approach, is a  matrix,  is a  matrix, so ; for block PTRS with  ICI filter approximation approach, is a matrix, is a  matrix, there is also one matrix inverse calculation of dimension ; for hybrid PTRS with N blocks, X is a  matrix, r is a  matrix.


It can be seen from the analysis above, there is one matrix inverse calculation of dimension  for these three kinds of PTRS patterns, the matrix inverse complexity of the 3 patterns is the same. The number of complex multiplication and complex addition is slightly larger for legacy PTRS with Direct De-ICI approach [5], for example, for 400MHz bandwidth 120kHz SCS, assume K=2 , the complexity comparison of legacy PTRS, block PTRS and hybrid PTRS can be shown as:
Table 2.3-1. Complexity comparison of legacy PTRS, block PTRS and hybrid PTRS
	
	Complex multiplication
	Complex addition
	Matrix inverse

	Legacy PTRS
	12032
	8436
	1

	Block PTRS
	11990
	8400
	1

	Hybrid PTRS
	11856
	8292
	1



Observation 3: The calculation complexity of ICI compensation based on legacy PTRS, block PTRS and hybrid PTRS is similar.
According to the simulation results and complexity analysis, block PTRS and hybrid PTRS pattern cannot provide benefits compared with legacy PTRS pattern, the motivation of PTRS pattern enhancement is not enough.
Proposal 4: Reuse the Rel-15 legacy PTRS pattern for 52.6GHz~71GHz.

[bookmark: _Toc53775907]2.3.2 DMRS Design
In above 52.6GHz SI phase, some companies studied and evaluated DMRS enhancement in frequency domain, i.e. extend the DMRS in every RE in order to perform channel estimation properly. The reason to raise this thought is that, in 60GHz with larger subcarrier spacing (e.g.960kHz), Rel-15 DMRS density may not be sufficient to reflect the frequency selection characteristics. In this chapter, it is investigated and evaluated whether enhancement on Rel-15 DMRS is needed or not.
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Figure 2.3-3 Rel-15 DMRS Type 1 and new DMRS pattern
Consider 400MHz bandwidth with 480kHz and 960kHz SCS, 64QAM modulation order, the performance of Rel-15 DMRS Type 1 and new DMRS pattern with low and high delay spread are shown in Figure 2.3-4. In order to get rid of the impact of phase noise in high frequency, it is assumed ideal PN estimation and compensation in the evaluation of DMRS patterns.
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(a) TDL-A 5ns  480kHz                                                     (b) TDL-A 20ns 480kHz
[image: ][image: ]
                    (c) TDL-A 5ns 960kHz                                                        (d) TDL-A 20ns 960kHz 

Figure 2.3-4 performance of Rel-15 DMRS Type 1 and new DMRS pattern
As illustrated in Figure 2.3-4, for 480kHz and 960kHz, new DMRS pattern with higher DMRS density is slightly better (less than 0.5dB gain) than Rel-15 DMRS Type 1, both in low delay spread and high delay spread. Considering the specification efforts and the gain is not significant which might be easily diminished when phase noise exists, it seems to be more reasonable to reuse the Rel-15 DMRS patter for 52.6~71GHz.
Observation 4: Rel-15 DMRS Type 1 pattern and the new DMRS pattern that fully occupied in frequency domain show comparable performance.
Proposal 5: Reuse the Rel-15 legacy DMRS pattern for 52.6GHz~71GHz.
In 38.214, the following restriction is present that if PTRS is configured, the second half of the DMRS ports for PUSCH and PDSCH cannot be used. 
If a UE transmitting PUSCH is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the transmitted PUSCH
-	any DM-RS ports among 4-7 or 6-11 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and PT-RS is transmitted from the UE.


In 60GHz, PTRS would be always configured for medium MCS and high MCS due to the phase noise. The original motivation of the restriction is to avoid the channel estimation deviation of the adjacent time domain symbols, however this will dramatically impact the multiplexing UE numbers in 60GHz, for example if PTRS is configured when MCS is lower or PTRS density is sparse, such restriction may not be necessary.
Proposal 6: Consider to relax the restriction on DMRS ports for PUSCH and PDSCH when PTRS is configured.
Instead, for other reference signals such as CSI-RS, may also suffer the impact of phase noise while there is no any restriction on the number of ports. Besides, for control signals, the impact of phase noise on number of DMRS ports might also need to be considered.
Proposal 7: Consider the impact of phase noise on port number of other reference signals and control signals. 
2.4 Timeline
In the WID, 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 should be specified. For the determination of UE processing time for higher frequencies, existing processing time determination methods until Rel-15/16 can be the baseline. In Rel-15/16 NR, the timeline related aspects are defined based on numerology (e.g., SCS). However, the timeline restriction cannot be simply scaled with numerology as the UE processing capability cannot directly scale with the symbol length. For example, UE PDSCH processing time N1 based on µ of table 5.3-1 and table 5.3-2 in TS 38.214 [9] for UE processing capability 1 and 2 respectively does not scale with µ directly. 
Therefore, considering that slot/symbol length is shortened as SCS increases, slot (or symbol)-group level processing instead of every slot (or symbol) processing could be beneficial to simplify UE implementation. So a new UE capability should be defined based on slot (or symbol)-group, and the granularity can be slot(or symbol)-group. 
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1 [9]
	

	PDSCH decoding time N1 [symbols]

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

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2 [9]
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1



Proposal 8: For high frequency, a new UE capability for timeline related aspects should be defined based on slot (or symbol)-group granularity.
In high frequency such as 60GHz, the phase noise shows significantly impact on signals decoding, especially for high modulation order. Therefore, the phase noise estimation and compensation time should also be integrated in the PDSCH decoding time. Furthermore, if ICI compensation is performed, which has even more complexity compared with CPE compensation, it may require additional decoding time. Considering that PTRS would always be configured if phase noise impact cannot be ignored, it might be a feasible solution to define a separate PDSCH decoding capability when PTRS is configured.
Proposal 9: Consider the phase noise estimation and compensation time on timeline design when PTRS is configured.
For PUSCH/PDSCH scheduling and HARQ feedback timing indication, multiple timing parameters were defined in Rel-15, such as k0(the slot offset between DL allocation and PDSCH reception), k1(the slot offset between PDSCH reception and corresponding HARQ-ACK feedback), and k2(the slot offset between UL grant and corresponding PUSCH transmission). And in the existing NR specifications, all of these parameters are defined per slot, considering that slot/symbol length is shortened as SCS increases, slot-group level unit can be defined for the value of k0, k1 and k2, that is the value indicated in the DCI is not the slot offset but the slot group offset. Otherwise some new values of  k0, k1 and k2 should be defined considering the UE processing capability. Another method is the value range of k0, k1 and k2 is not changed and the unit is still the slot, but the actually used k0, k1 and k2 is an offset of the indicated value in the DCI, and the offset is different for different SCS.
Proposal 10: How to interpret k0, k1 and k2 for PUSCH/PDSCH scheduling and HARQ feedback timing indication should be discussed.
 Conclusion
In this contribution, we have discussed potential PUSCH/PDSCH enhancement, including defining maximum bandwidth for new SCSs, time line related aspects adapted to each of the new numerologies 480kHz and 960kHz, reference signals, scheduling particularly w.r.t. multi-PDSCH/PUSCH. Based on this, the following proposal are provided:
Observation 1: Aligned and misaligned channelization show similar performance in coexistence scenario.
Observation 2: ICI compensation based on legacy PTRS can achieve similar or better performance compared with block PTRS and hybrid PTRS under the same PTRS overhead.
Observation 3: The calculation complexity of ICI compensation based on legacy PTRS, block PTRS and hybrid PTRS is similar.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993]Observation 4: Rel-15 DMRS Type 1 pattern and the new DMRS pattern that fully occupied in frequency domain show comparable performance.
Proposal 1: The following options are proposed for channelization for Rel-17 NR beyond 52.6 GHz, wherein Option 2 is preferred.
· Option 1: Align the channelization of Rel-17 NR with Wi-Fi design at least in unlicensed band (e.g. 57 GHz - 71 GHz) 
· Option 1-1: Support a basic unit of 2.16 GHz channel bandwidth 
· Option 1-2: Divide X of 400 MHz, Y of 800 MHz and Z of 1600 MHz per 2.16 GHz bandwidth. Where X = 0 to 5, Y = 0 to 2, and Z = 0 to 1. 
· In other licensed frequency band (e.g. 52.6 GHz - 57 GHz) or in a controlled environment without Wi-Fi devices, it can be designed uniformly with unlicensed band or independently 
· Option 2: No need to align the channelization of Rel-17 NR with Wi-Fi design even in unlicensed band. Support the same bandwidth(s) (e.g. 400/800/1600 MHz) in licensed and unlicensed frequency bands 
· Option 2-1: Support a nominal channel bandwidth of 2.16 GHz by the aggregation of above basic bandwidth(s) (e.g. 400/800/1600MHz)
· Option 2-2: No need to support a nominal channel bandwidth of 2.16 GHz 
Proposal 2: The maximum channel bandwidth for the new SCSs 480/960 kHz can be defined as 1600 MHz.
Proposal 3: 
· The scheme used in Rel-16 NR-U for one UL grant scheduling multiple PUSCHs can be a starting point, further enhancement on DCI design (e.g., HARQ-ACK codebook construction, CBG transmission and beam indication) should be considered.
Proposal 4: Reuse the Rel-15 legacy PTRS pattern for 52.6GHz~71GHz.
Proposal 5: Reuse the Rel-15 legacy DMRS pattern for 52.6GHz~71GHz.
Proposal 6: Consider to relax the restriction on DMRS ports for PUSCH and PDSCH when PTRS is configured.
Proposal 7: Consider the impact of phase noise on port number of other reference signals and control signals. 
Proposal 8: For high frequency, a new UE capability for timeline related aspects should be defined based on slot (or symbol)-group granularity.
Proposal 9: Consider the phase noise estimation and compensation time on timeline design when PTRS is configured.
Proposal 10: How to interpret k0, k1 and k2 for PUSCH/PDSCH scheduling and HARQ feedback timing indication should be discussed.
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Appendix
A1. Link level simulation assumptions
Table A1-1 Link level simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Waveform
	CP-OFDM

	System Bandwidth
	400MHz

	Subcarrier spacing
	120kHz/480kHz/960kHz

	CP type
	Normal CP

	Channel Model
	TDL-A 5ns

	PN model
	3GPP TR38.803 example 2

	DMRS Configuration
	2 DMRS symbols per slot at (2,11)

	PTRS Configuration
	(K = 2, L = 1)

	SLIV
	(S=0, L=14)

	Channel Estimation
	Realistic

	PN Estimation
	Realistic

	PN compensation
	CPE & ICI

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	2

	UE antenna Array configuration
	2



A2. System level simulation assumptions
Table A2-1 SLS simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Channel Bandwidth
	2GHz/800M

	Subcarrier spacing
	960kHz

	Scenario
	Indoor A 

	LBT schemes
	NoLBT

	Channel Model
	The channel model for UE-to-UE links：InH open office: InH – office channel model with LOS probability for indoor - mixed office from TR38.901
The channel model for gNB-to-UE and gNB-gNB links：InH open office: InH – office channel model with LOS probability for indoor - open office from TR38.901

	Max. allowed BS Tx power
	40 dBm EIRP

	Max. allowed UE Tx Power
	25 dBm EIRP

	BS Antenna gain
	5dBi

	UE Antenna gain
	5dBi

	BS Noise Figure
	7dB

	UE Receiver Noise Figure
	10dB

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	 (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ 

	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), dH = dV = 0.5 λ 

	Traffic model
	FTP Model 3 (27Mbyte file)
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