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1. Introduction
At the RAN#86 meeting, the new SI for study on supporting NR from 52.6GHz to 71GHz was approved [1]. The objectives of the SI are as follows.
	· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.  


As specified in SID, SCS extension will be an important issue for this study. If larger SCS than 120 kHz is adopted for NR on 52.6 to 71 GHz, it will impact the system design in many perspectives. This document discusses some issues required for introduction of larger SCS in NR 52.6 – 72 GHz.
2. Discussions
2.1 DMRS structure in frequency domain
The frequency domain density of DMRS should be designed according to the frequency selectivity of the channel and the subcarrier spacing (SCS). The frequency selectivity of the channel is decided by the power-delay spread of multi-path components of the channel. In the link level simulation models introduced in [2], the RMS delay spread (DS) of 70 GHz channel is defined with different scenarios. For UMi Street-canyon scenario, the RMS DS ranges from 26 ns (short-delay profile) to 291 ns (long-delay profile), which covers a very wide range. The coherent bandwidth derived from such RMS DS ranges from about 100 kHz to several MHz then.
As to SCS, NR on 52.6 GHz to 71 GHz may adopt higher subcarrier spacing larger than 120 kHz, e.g., 240 kHz, 480kHz, or even larger. In Figure 1, we compare the channel coherent bandwidth of different DS with the candidate SCS values. It is shown from the comparison that the candidate SCSs are comparable with the channel coherent bandwidth based on the DS defined in [2]. For long-delay profile, the SCSs are even larger than the coherent bandwidth which means that the channel of two adjacent subcarriers tends to be independent. On the other hand, in Rel-15 NR, it is assumed that the channel condition among two (for DMRS type 2) or three (for DMRS type 1) adjacent subcarriers would be flat and DMRS port multiplexing is specified based on such consideration. Then, if the conventional DMRS in Rel-15 NR is reused in 52.6 – 72 GHz, the channel estimation accuracy would be degraded since the frequency domain density of DMRS is not enough. The multiplexing schemes such as frequency domain OCC would not work well because the channel variation between two adjacent subcarriers destroys the orthogonality of OCC.
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Observation 1: Extended SCS of NR on 52.6 GHz to 71 GHz is comparable with coherent bandwidth for typical scenarios on 70 GHz band, which causes performance loss for DMRS based channel estimation with DMRS structure specified in Rel-15 NR.
· FDM (incl. comb) and FD-OCC may introduce severe performance loss in such conditions.


To cope with such severe frequency selectivity, an enhancement for the frequency domain structure of DMRS can be considered. One way would be to limit DMRS port combination to be multiplexed by reusing Rel-15 NR DMRS structure (type 1 or type 2). Or, to obtain sufficient decoding performance for NR operation in 52.6 – 71 GHz, new type of DMRS structure in frequency domain may be necessary, e.g. 1-port DMRS occupying all subcarriers in a PRB. The multiplexing schemes such as FDM or FD-OCC may not need to be considered due to possible frequency selectivity among less subcarriers.

Proposal 1: Study enhancement of the frequency domain structure of DMRS for NR on 52.6 GHz to 71 GHz.


2.2 Scheduling enhancement
As we described in [4], larger SCS can be introduced for NR operation in 52.6 – 71 GHz. In addition, larger channel bandwidth or larger BWP may be introduced also. Wider bandwidth may be available for transmissions than Rel-15 NR using FR1/2, which will enable higher data rate. On the other hand, due to the constraint on cost and power consumption, as we discussed in [4], limited number of TXRUs will be mounted on the high frequency equipment. Thus the MIMO capacity on spatial multiplexing may be restricted. Meanwhile, fewer UEs can be covered under one beam due to the narrower beam width. Considering these aspects, it may be hard for the system to flexible schedule the users on frequency domain. 
With the consideration above, coarse granularity on frequency domain scheduling may be sufficient in 52.6 – 71 GHz, For example, the scheduling granularity in frequency domain in 52,6 – 71 GHz may be aligned with the bandwidth of RF modules, while in Rel-15 NR, scheduling granularity in frequency domain is on RB basis. Rel-15 DCI, which indicates DL assignment or UL grant to UEs, assigns the resource to schedule a transmission by indicating bitmap showing assigned RBs or indicating contiguous RBs in a BWP. This granularity, i.e. RB-based scheduling, may not be so suitable for NR operation in 52.6-71 GHz.

Observation 2: In 52.6 – 71 GHz, the following aspects may be considered:
· Limited MIMO capacity on spatial multiplexing due to only fewer TXRUs mounted
· Only fewer UEs covered by a single beam, due to narrower beam width 

Proposal 2: Study scheduling flexibility/granularity in frequency domain f or NR in 52.6 – 71 GHz, with the aspects regarding multiplexing capacity.

2.3 SSB enhancement
In [1], it is clarified that up to 64 SSB beams are considered in this SI, which is the same as Rel-15 NR in FR2. If SSB structure in Rel-15 NR is reused, as slot length is scalable based on SCS, shorter duration of a SSB burst set would be considered with larger SCS. For example, 64 SSB beams are included within 2.5 ms with 240 kHz and within 1.25 ms with 480 kHz SCS. On the other hand, the maximum window duration to search a SSB burst set is 5 ms in Rel-15 NR. Considering potential higher complexity to search SSB with higher SCS due to short symbol length, shorter search window duration with finer granularity of window timing/duration may be preferable. Therefore, an enhancement on the window duration to search a SSB burst set, e.g. to limit the window duration, may be studied.

Proposal 3: Study the window duration/timing granularity to search a SSB set.

Also, in Rel-16 NR-U, up to 20 candidate positions of SSB beams that is more than SSB beams for 30 kHz SCS within a window are supported to cope with the situation where channel access is failed due to LBT failure. For 60 GHz, where LBT is mandated to access the operating channel at least in some region, such consideration on SSB position may be necessary. One potential approach would be to introduce more than 64 candidate positions for SSB beams as well as NR-U in 5GHz. Based on this approach, if a SSB beam fails to be transmitted due to LBT failure, gNB is able to transmit the same SSB again within a window by utilizing another candidate position. On the other hand, assuming much heavier propagation loss and the use of analogue beamforming, whether/how to perform LBT (at least omni-directional LBT) would need to be discussed, as we described in [5]. Therefore, how this approach, which is similar to NR-U in 5GHz, is beneficial should be studied with the LBT operation in 60 GHz.

Proposal 4: Study whether/how to support SSB transmission based on LBT in 60 GHz unlicensed spectrum.

2.4 Maximum number of CCs for CA
In 60 GHz band, around 10 GHz bandwidth is available, e.g. 13.95 GHz bandwidth in the US. To obtain better performance, how to efficiently use such wider bandwidth may be studied. One potential approach would be to introduce larger channel bandwidth (e.g. more than 400 MHz specified in Rel-15 NR), as we discussed in [1]. Another approach may be to reuse carrier aggregation in Rel-15 NR. Although CA in Rel-15 NR is basically reusable in 52.6 – 71 GHz regardless of how larger CBW is introduced, one aspect to be considered in higher frequency would be the number of aggregated CCs. For example, if 400 MHz CBW, supported in Rel-15 NR, is reused, then around 32 CCs need to be aggregated to fully utilize wider bandwidth. Whether and how to handle such a large number of CCs may be studied for efficient spectrum usage. 

Proposal 5: Study whether/how to utilize wide available spectrum such as more than 10 GHz bandwidth in 52.6-71GHz frequency range.

2.5 PRACH enhancement
For PRACH in Rel-15 NR, short sequence (139) only is supported in FR2, which can be reused for NR in 52.6 – 71 GHz. On the other hand, in 60 GHz unlicensed band, as well as 5GHz unlicensed band, PSD limitation needs to be ensured. To obtain better coverage and ensure the PSD limitation simultaneously, transmission with wider bandwidth may be necessary. To cope with this, as discussed and supported in Rel-15 NR-U, whether/how to introduce PRACH of long sequence may be studied.

Proposal 6: Study PRACH of long sequence considering PSD limitation in 60 GHz unlicensed band. 

3. Conclusion
In this contribution, we discussed some potential enhancements for NR in 52.6 – 71 GHz. Following are the summary:

Observation 1: Extended SCS of NR on 52.6 GHz to 71 GHz is comparable with coherent bandwidth for typical scenarios on 70 GHz band, which causes performance loss for DMRS based channel estimation with DMRS structure specified in Rel-15 NR.
· FDM (incl. comb) and FD-OCC may introduce severe performance loss in such conditions.

Proposal 1: Study enhancement of the frequency domain structure of DMRS for NR on 52.6 GHz to 71 GHz.

Observation 2: In 52.6 – 71 GHz, the following aspects may be considered:
· Limited MIMO capacity on spatial multiplexing due to only fewer TXRUs mounted
· Only fewer UEs covered by a single beam, due to narrower beam width 

Proposal 2: Study scheduling flexibility/granularity in frequency domain f or NR in 52.6 – 71 GHz, with the aspects regarding multiplexing capacity.

Proposal 3: Study the window duration/timing granularity to search a SSB set.

Proposal 4: Study whether/how to support SSB transmission based on LBT in 60 GHz unlicensed spectrum.

Proposal 5: Study whether/how to utilize wide available spectrum such as more than 10 GHz bandwidth in 52.6-71GHz frequency range.

Proposal 6: Study PRACH of long sequence considering PSD limitation in 60 GHz unlicensed band. 

4. References
[1] RP-193259, Intel, “New SID: Study on supporting NR from 52.6GHz to 71 GHz”, 2019.
[2] TR38.901 V14.3.0, “Study on channel model for frequencies from 0.5 to 100 GHz”, 2017.
[3] TS38.211 V16.0.0, “Physical channels and modulation”, 2019.
[4] [bookmark: _GoBack]R1-2004417, NTT DOCOMO, INC., “Evaluation Methodology and Required Changes on NR from 52.6 to 71 GHz”, 2020
- 4/4 -
image1.png
Coherent Bandwidth [MHz]

*+ 50% correlation
= 90% correlation

3.84 MHz

1.92 MHz

960 kHz

480 kHz

--------------------- 240 kHz

50 100

150
RMS DS [ns]

200

250

300




