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1	Introduction
In RAN1#103, an update to TR 38.808 was endorsed [1] for the SI on support of NR in the 52.6 – 71 GHz band. One of the objectives of the SI was to study applicable numerologies for the band, and the TR captures evaluation results and observations for various subcarrier spacings between 120 and 960 kHz, NCP/ECP, and various bandwidths. During the SI it was agreed to support at least 120 kHz + NCP; however, support of other numerologies amongst {240, 480, 960 kHz} is still open. The TR also contains quite a large number of recommendations on what should be further studied during the WI in order to support the additional numerologies.
In this contribution we discuss our view on the selection of numerology as well as scoping of the workload for the WI given the large number of recommendations in the TR.
[bookmark: _Ref178064866]2	On Selection of Numerology
[bookmark: _Toc53775889]2.1	SCS Selection for Initial Access
With larger SCS values (480, 960 kHz), the OFDM symbol duration becomes shorter compared to SCS(s) used in FR2, which negatively impacts coverage for fixed payload channels (e.g., PDCCH/PUCCH) and variable payload channels (e.g., PDSCH/PUSCH). The same is true for initial access signals and channels (SS/PBCH block, PRACH) as shown in the link budgets included in [3].
Based on this observation, it is important to deploy in a manner that ensures coverage, which further guides what sort of design changes/enhancements compared to Rel-16 should be supported for operation of NR in the 52.6 – 71 GHz band. Two example deployments ensuring coverage are shown in Figure 1. In both cases, a carrier in the 52.6 – 71 GHz band is deployed, but for the non-standalone deployment, this carrier inter-works with a low(er)-band carrier through carrier aggregation (CA) or dual-connectivity (DC).
For the standalone case, coverage is ensured by configuration of relatively narrow initial BWP using 120 kHz SCS to avoid coverage loss. The initial BWP is used for initial access, and the existing FR2 framework is directly applicable, e.g., 120 kHz for PRACH and 120 or 240 kHz for SS/PBCH. In addition, an additional wide BWP is configured with larger SCS (480 kHz), and through BWP switching, this BWP is used to support high data rates on PDSCH/PUSCH when needed and as long as the UE is in sufficiently good channel conditions.
For the non-standalone case, a PCell in the low(er) band carrier is configured with 15/30 kHz SCS (for FR1) or 120 kHz SCS (for FR2) for which coverage is ensured. Again, the existing Rel-15 initial access framework is directly appliable. In addition, an SCell or PSCell is configured on the high band carrier (in the 52.6 – 71 GHz band) with 480 kHz SCS which inter-works with the low(er)-band carrier through CA/DC. The SCell/PSCell is activated in order to support high data rates when needed as long as the UE is in sufficiently good channel conditions.
Based on these deployment scenarios, the basic tools in the Rel-16 spec are already in place to ensure both coverage and support of high data rates. We do not see a need to standardize coverage enhancement approaches for initial access signals/channels or for control/data channels for larger SCS.
[bookmark: _Toc57130581][bookmark: _Toc57130929][bookmark: _Toc57131001][bookmark: _Toc57180861][bookmark: _Toc57180987][bookmark: _Toc57186244]For initial access on a carrier in the 52.6 – 71 GHz band, support both 120 and 240 kHz SCS for SS/PBCH block, and 120 kHz SCS for RMSI (SIB1) delivery and RACH-related messages in an initial BWP (as in FR2).
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[bookmark: _Ref53582177]Figure 1: Deployment scenarios for ensuring coverage with reuse of FR2 initial access framework.
2.2	SCS Selection for Higher Data Rates
With larger sub-carrier spacings, the OFDM symbol duration and the associated cyclic prefix (CP) duration become shorter. For 120 / 480 / 960 kHz SCS the CP duration is 586 / 147 / 73 ns, respectively. The CP must be able to absorb various forms of timing synchronization inaccuracies. For example, in the uplink some or all of the following sources of timing error must be considered:
· Post-beamforming delay spread
· Initial timing error (Te) as specified in 38.133
· Timing advance granularity
· UL MIMO TAE
· Multi-TRP time alignment
As we have analyzed in [3], even in indoor environments (e.g., Indoor Factory), the 90th percentile post-beamforming delay spread can be on the order of multiple tens of ns -- see Figure 2 which shows that the 90th percentile post-beamforming RMS delay spread is 45 ns. In addition, it was found that in the indoor factory environment, such delay spreads can occur simultaneously with relatively large SNR. 
[image: ]
[bookmark: _Ref57123637]Figure 2: CDF of pre- and post-beamforming RMS delay spread based on system level evaluation for Factory Scenario-A (InF-DH) defined in TR 38.808. The gNB is deployed with single-antenna panel with array size 4x8 (ceiling-mounted). The UE antenna array size is 2x2. 
In such an environment, the consequence is that the percentage of UE-gNB links for which interference due to ISI is dominant can be significant. If the CP duration is not sufficiently long, there are a significant number of links for which a high data rate could be achieved if ISI was not limiting. This is especially true when one factors in the other sources of time synchronization error listed above. Accounting for all sources of error, there can be little or no margin left for delay spread if using an SCS with too short CP. For example, considering 45 ns delay spread and 65 ns MIMO TAE, it is evident that 480 kHz SCS (146 ns CP) is a good choice for this environment since it leaves margin for other sources of timing error (Te, timing advance granularity, and multi-TRP alignment errors, if applicable).
To maximize the range of deployment scenarios which can benefit from high data rates, we have a strong preference that 480 kHz SCS should be supported for operation in the 52.6 – 71 GHz band since it leaves a sufficient margin in the CP duration for a variety of timing synchronization inaccuracies without relying on excessive tightening of UL timing error requirements. In addition, we do not prefer to adopt ECP since it has a significant impact on achievable data rates due to 15% higher overhead.
[bookmark: _Toc57180860]
[bookmark: _Toc57130582][bookmark: _Toc57130930][bookmark: _Toc57131002][bookmark: _Toc57180862][bookmark: _Toc57180988][bookmark: _Toc57186245]For operation in the 52.6 – 71 GHz band, support 120 and 480 kHz SCS for data (PDSCH, PUSCH), control (PDCCH, PUCCH), and reference signals.
[bookmark: _Toc57130583][bookmark: _Toc57130931][bookmark: _Toc57131003][bookmark: _Toc57180863][bookmark: _Toc57180989][bookmark: _Toc57186246]Proposal 3	For operation in the 52.6 – 71 GHz band, do not support ECP.

In [3], we additionally provide extensive analysis to show that 480 kHz + 1600 MHz maximum bandwidth is a suitable choice for the 52.6 – 71 GHz band with several benefits/merits highlighted in the following observation.
[bookmark: _Toc57183605][bookmark: _Toc57186242]In addition to maximizing the range of deployment scenarios that can benefit from high data rates, we observe that 480 kHz + 1600 MHz maximum bandwidth is a suitable choice for the 52.6 – 71 GHz band including performance in the presence of phase noise, complexity per bit when accounting for FFT, FFT utilization, efficient use of spectrum in various regional allocations (e.g., China, IMT band in Europe), etc.

3	On update of WID
In RAN#86, a WID was endorsed for extending NR operation to 71 GHz. Based on the conclusions of the SI in TR38.808 [1], the WID requires updating to provide more detail in each of the high level objectives. However, as noted above the TR contains quite a large number of recommendations on what should be further studied during the WI. In our view, not all recommendations are vital for supporting operation in the band, hence it can be worthwhile to consider downscoping to enable completion of the WI in the allotted time. The following lists provide some detail on items that were identified in TR 38.808 for further study and that we view as either high priority to support new larger SCS or as lower priority.
High priority
· SCS selection
· Timeline and processing budget aspects
· Multi-PUSCH/PDSCH scheduling with single DCI
· Enhancement of PF 0/1 to allow large Tx power

Lower priority
· Interlaced PUSCH/PUCCH
· PRB-based interlacing is not beneficial, since for SCS ≥ 120 kHz, one PRB already matches or exceeds the 1 MHz bandwidth on which PSD is measured, hence there is no gain from power boosting.
· For the larger sub-carrier spacings, sub-PRB interlacing requires a sub-PRB unit of 1 or 2 REs to be defined. The spec impact to support such a definition when it comes to reference signal design and frequency domain resource allocation is prohibitive.
· Introduction of DRS window
· Due to the fact that deferral due to LBT failure in the 52.6 – 71 GHz band is rare, and that ETSI BRAN allows a certain proportion of control signals to be transmitted without LBT, we see no benefit from optimizing SS/PBCH transmission opportunities for LBT failure. 
· Extensive changes to time domain RO configuration including LBT gap for consecutive PRACH occasions
· For the same reasons as discussed above for the DRS window, we see no benefit from optimizing PRACH occasion definition for LBT failure
· Extensive enhancements to PTRS and DMRS
· Performance with Rel-15 PTRS and DMRS has been shown to be robust in most scenarios of interest, and the margin for improvement in others is small.
· Deviations of LBT design from what is specified in BRAN
· We see no reason for 3GPP to adopt additional restrictions on channel access beyond what is specified in EN 302 567. Furthermore, for unlicensed operation in other regions outside of Europe, there is no regulatory requirement for LBT.
· Receiver assisted LBT other than reuse of L1/L3 interference measurement tools from existing spec
· In the SI, potential gains from use of receiver assisted LBT have only been illustrated in corner cases, hence we do not see it as critical that extensive design effort is spent on adopting such a mechanism. Moreover, there are existing tools in the Rel-15/16 for L1 and L3 interference measurement and reporting which can fulfill the functional goals of receiver assisted LBT. Our view is that the current Rel-15/16 spec, with perhaps some small enhancements is sufficient.
· Some of the beam management enhancements, e.g., Coverage loss recovery for high SCS, A-CSI-RS for BFR, Random access beam management, Intra-inter cell mobility
· Beam management is better suited for the MIMO WI. It has been argued that more beams will be used in the 52.6 – 71 GHz band compared to FR2; however, the current WID states that up to 64 beams are supported which is the same as the maximum defined for FR2.
· Coverage enhancements for SSB, PRACH, PDCCH
· Not needed (see discussion in Section 2.1)
· Spatial relationship of GC-PDCCH
· The scope/purpose of this item is not clear

Since the scope of the FFS items in TR38.808 is quite large, we propose that the WID contains 2 steps. The objectives can be listed as "Study, and if needed specify, potential enhancements to X …" as the first step. Then the second step, e.g., in RAN#91e, can be added which targets a decision on which enhancements are decided to specify. In this way the scope can be managed, and the WI has a better chance of completion on time.
4	Conclusion
[bookmark: _In-sequence_SDU_delivery]In this paper we observe the following
Observation 1	In addition to maximizing the range of deployment scenarios that can benefit from high data rates, we observe that 480 kHz + 1600 MHz maximum bandwidth is a suitable choice for the 52.6 – 71 GHz band including performance in the presence of phase noise, complexity per bit when accounting for FFT, FFT utilization, efficient use of spectrum in various regional allocations (e.g., China, IMT band in Europe), etc.

Based on the discussion in this paper we propose the following:
Proposal 1	For initial access on a carrier in the 52.6 – 71 GHz band, support both 120 and 240 kHz SCS for SS/PBCH block, and 120 kHz SCS for RMSI (SIB1) delivery and RACH-related messages in an initial BWP (as in FR2).
[bookmark: _GoBack]Proposal 2	For operation in the 52.6 – 71 GHz band, support 120 and 480 kHz SCS for data (PDSCH, PUSCH), control (PDCCH, PUCCH), and reference signals.
Proposal 3	For operation in the 52.6 – 71 GHz band, do not support ECP.
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