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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
[bookmark: _GoBack]In RAN#90-e meeting, the WID of extending current NR operation to 71GHz had been agreed. And the following physical layer enhancement has been made: [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 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 contribution, we focus on the channel bandwidth and PDSCH/PUSCH enhancements in the 60GHz unlicensed band. 

[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion
Channel bandwidth
According to WID [1], the maximum FFT size required for operation in the frequency range of 52.6GHz-71GHz is 4096. Based on this assumption, the maximum carrier bandwidths of each numerology (μ = 3,5,6) are tabulated in Table 1. 
Table 1 numerology and respective maximum channel bandwidth
	Subcarrier spacing (numerology μ)
	Maximum CC BW size assuming 4096 FFT size

	120 kHz (μ = 3)
	400MHz

	480 kHz (μ = 5)
	1600MHz

	960 kHz (μ = 6)
	3200MHz



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the frequency range of 52.6GHz-71GHz, there are mainly unlicensed spectrum. Among these unlicensed spectrums, the 802.11ad and 802.11ay systems currently support 2.16GHz LBT bandwidth. Moreover, the channel bandwidths supported by 802.11ad and 802.11ay systems can be the multiples of 2.16GHz. However, these channels with a bandwidth larger than 2.16GHz will overlap each other in the 52.6GHz-71GHz frequency range as illustrated in figure 1 [2]. In this case, from a coexistence point of view, the channel bandwidth of NR may not need to align with that of 802.11ad and 802.11ay systems. However, in order to reduce the unnecessary interference, the NR channels should be contained within one of the channels defined for 802.11ad and 802.11ay system and NR channel bandwidth does not cross over channel boundaries of 802.11ad and 802.11ay system.
[image: ]
Figure 1: channelization used by 802.11ay
Proposal 1: Consider the maximum channel bandwidth as shown in the following table for the respective numerologies.
	Subcarrier spacing (numerology μ)
	Maximum CC BW size assuming 4096 FFT size

	120 kHz (μ = 3)
	400MHz

	480 kHz (μ = 5)
	1600MHz

	960 kHz (μ = 6)
	3200MHz



Single DCI scheduling Multi-PDSCH/PUSCH 
In order to fully use the resources, UE may expect to perform PDCCH monitoring in each slot. When larger SCS (e.g. 480KHz SCS and 960KHz SCS) is supported, the slot duration is significantly reduced which may result in redundant UE power consumption in blind detections. A method of single DCI scheduling multi-PDSCH/PUSCH was discussed and captured in TR38.808. And the motivation of this method is mainly to alleviate the blind detection burden and power consumption on the UE side when larger SCS is supported. Currently, a method of multi-slot PUSCH scheduling has been introduced in Rel-16 NR-U, where a single DCI can schedule multiple TBs across multiple slots. In order to reduce the standardization effort, it may be beneficial to extend the method of multi-slot PUSCH scheduling to that of multi-slot PDSCH scheduling. That means the following characteristics should be specified:
· Each PDSCH has a separate SLIV and mapping type. All these valid SLIVs and mapping types are contained in the row of the TDRA table. A single K0 is indicated as the slot offset between the first scheduled PDSCH and its corresponding DCI.
· HARQ process ID indicated in the DCI applies to the first scheduled PDSCH. HARQ process ID is then incremented by 1 for subsequent PDSCHs in the scheduled order.
· Separate NDIs and RVs are provided for each of the scheduled PDSCHs.
· A single MCS field is signaled for each of the scheduled PDSCHs
Proposal 2: The method of multi-slot PUSCH scheduling introduced in Rel-16 can be the starting point of the multi-slot PUSCH/PDSCH scheduling method.

However, different from the method of the multi-PUSCH scheduling, some issues related HARQ-ACK feedback should be further studied and specified. For example, how to determine the K1 value for HARQ-ACK feedback and corresponding multiple PDSCHs; how to interpret the value of C-DAI/T-DAI and consequently how to determine the HARQ codebook size.
Proposal 3: The issues related HARQ-ACK feedback should be further studied and specified in case of multi-slot PUSCH/PDSCH scheduling.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the channel bandwidth and PDSCH/PUSCH enhancements in the 60GHz unlicensed band. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: Consider the maximum channel bandwidth as shown in the following table for the respective numerologies.
	Subcarrier spacing (numerology μ)
	Maximum CC BW size assuming 4096 FFT size

	120 kHz (μ = 3)
	400MHz

	480 kHz (μ = 5)
	1600MHz

	960 kHz (μ = 6)
	3200MHz


Proposal 2: The method of multi-slot PUSCH scheduling introduced in Rel-16 can be the starting point of the multi-slot PUSCH/PDSCH scheduling method.
Proposal 3: The issues related HARQ-ACK feedback should be further studied and specified in case of multi-slot PUSCH/PDSCH scheduling.
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