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1. Introduction
Based on the revised WID approved at RAN#90-e meeting [1], RAN1 discussed and made some agreements on initial access aspects for supporting NR from 52.6 GHz to 71 GHz at RAN1 #104-e. In this contribution, we describe our view on the related aspects, including:
· SCS for SSB
· SCS for CORESET#0 PDCCH and SIB1 PDSCH
· Time domain SSB mapping
· Multiplexing between SSB and CORESET#0 PDCCH/SIB1 PDSCH


2. Discussion
2.1 SCS for SSB
Based on the objectives captured in [1], it should be discussed whether/how to support 240, 480 and/or 960 kHz SCS for SSB for initial access case, and whether/how to support 480 and/or 960 kHz SCS for SSB for the other cases than initial access, on top of 120 kHz SCS. We believe it should be discussed in terms of several aspects. 

One is the detection performance of SSB with each SCS evaluated during SI phase. For each SCS from 120 to 960 kHz SCS, PSS and SSS detection performances and PBCH BLER performance had been evaluated by companies, and the results are captured in TR 38.808 [2]. According to the description in the TR, it is captured that for all of PSS, SSS and PBCH, only minor performance difference is observed between adjacent SCSs. For example, 6 out of 7 companies reported around or less than 1 dB performance difference on PSS/SSS detection between adjacent SCSs, and all 4 companies providing PBCH BLER evaluation results with multiple SCSs reported around or less than 1 dB performance difference on PBCH BLER between adjacent SCSs. Based on the results, we assume that although lower SCS seems slightly better for performances of PSS/SSS/PBCH, all the candidate SCSs would be available for SSB in terms of detection performance and BLER performance. 

Observation 1: For SSB, all the candidate SCSs, i.e., from 120 kHz to 960 kHz, would be available in terms of detection/BLER performance.


Another is the relationship with the SCS supported for control/data channel. SSB with the same SCS as the one for control/data/RS achieves the operation with single numerology, which can ease the complexity of the operation compared to the one with different numerologies between SSB and the others. The complexity may also increase if the difference on SCS between SSB and the others is large. Therefore, it would be important to consider same or closer value(s) for SCS of SSB to the one of the other signals/channels. 

The number of supported SCSs in a band should also be carefully considered together with the ones supported for the other signals/channels. If more SCSs need to be supported in 52.6 – 71 GHz in total, the implementation could be more complex. Especially, the number of candidate SCSs of SSB for initial access in a band should be minimized. On the other hand, in cases where NW indicates SCS of SSB to UE, the UE will just try to detect/measure the SSB according to the configuration, and supporting multiple candidate SCSs of SSB would increase implementation/operation flexibility as long as it is optional.

Observation 2: The following aspects are also important for the SSB SCS selection:
· The relationship with the SCSs supported for the other signals/channels
· The number of supported SCSs in a band in the frequency range

Taking the aspects above and the discussion in RAN1 so far into consideration, the following three alternatives can be drawn from our perspective: 
Alt 1-1) support 120 kHz SCS for SSB for both initial and non-initial access cases, 
Alt 1-2) support 120 kHz SCS for SSB in initial access case, and support 120 kHz and 480 and/or 960 kHz SCS for SSB in non-initial access cases, and 
Alt 1-3) support 120 kHz and 480 and/or 960 kHz SCS for both initial and non-initial access cases. 

Alt 1-1 may achieve the least amount of specification effort, but we see there are some essential issues in this alternative. The most significant one would be that Alt 1-1 cannot achieve the single numerology operation with the other signals/channels in case of using 480 and 960 kHz SCS. To utilize such larger SCS for the other signals/channels with this alternative, SCS needs to be switched e.g., at every SSB transmission timing. Although Rel-15 FR2 supports mixed numerology operation between SSB and other signals/channels, the ratio of SSB SCS to data/control SCS is either 2 (120:60 or 240:120) or 4 (240:60) while this alternative would lead 1/4 (120:480) or 1/8 (120:960) that are largely different from Rel-15 FR2 mixed numerology cases. This may result in the similar or even larger amount of specification effort compared to the other alternatives in our view, especially for designing CORESET#0/SS#0 configurations based on such different SCSs. Also, considering the size of MIB fields, it would be difficult to support more than 2 candidate SCSs for CORESET#0 (i.e., 120/480/960 kHz) to be indicated in MIB (subCarrierSpacingCommon). If 480 and/or 960 kHz SCS is not supported also for CORESET#0, multiple BWPs need to be supported for PCell operation with 480/960 kHz SCS for other data/control. Alternatively, single numerology operation with 120 kHz for all signals/channels should be utilized for PCell operation to avoid the above issues, but in such case the CBW cannot be wide due to the restriction of FFT points. Considering the operation restrictions and other aspects as discussed above, we do not support Alt 1-1. 

Alt 1-2 can support the single numerology operation in all the cases except for initial access. Since the support of 480 and 960 kHz SCS for SSB for non-initial access case would not cause any significant issue such as increase of blind detection hypotheses, we believe it should be supported at least for non-initial access cases in 52.6 – 71 GHz in order to achieve the operation flexibility. Thus, Alt 1-2 can be considered as one of the ways forward. On the other hand, when we consider initial access case, it has exact the same issue as in Alt 1-1, i.e., mixed numerology operation and/or restriction for PCell operation. 

For Alt 1-3, one could argue it would require more specification effort compared to the other two alternatives (especially compared to Alt 1-1), but we think such situation may not be the case if the supported combinations of SCSs between SSB and other signals/channels are appropriately limited. For example, it would be possible to limit the supported combinations of SCSs between SSB and CORESET#0 to the same SCS only so that the design of CORESET#0/SS#0 configurations for higher SCSs can be simplified. Although it is another kind of operation restriction, basically mixed numerology operation is not preferred and not supporting it thanks to the support of single numerology operation would be rather preferable. In addition, it is also possible to support some combinations of SCSs between SSB and CORESET#0 for operation flexibility. In order to avoid the increase of blind detection hypotheses due to the number of candidate SCSs of SSB for initial access, one possible approach would be to support only 120 kHz and either 480 or 960 kHz SCS for SSB in initial access case while all 120, 480 and 960 kHz SCS are supported for SSB in non-initial access cases. Also, since both 480 and 960 kHz SCS are optionally supported for control/data/reference signals, they can be optional for SSB as well. 

In any of the alternatives above, we do not consider the support of 240 kHz SCS for SSB although it is supported in Rel-15/16 NR. As discussed above, it is not preferable to increase the number of candidate SCSs for initial access and mixed numerology operation is also not preferable in general. Since 240 kHz SCS will not be supported for data/control signals/channels for Rel-17 NR 52.6-71 GHz operation, we cannot find any good motivation to support 240 kHz for SSB. 

Based on the discussion above, we draw the following proposal:

Proposal 1: For SSB SCS, in addition to 120 kHz: 
· 480 and/or 960 kHz SCS should be supported for initial access case.
· 480 and 960 kHz SCS should be supported for non-initial access cases.
· The support of 480 and/or 960 kHz SCS for SSB can be optional as well as for the other signals/channels.

2.2 SCS for CORESET#0 PDCCH and SIB1 PDSCH
As well as SSB SCS discussed above, SCS supported for CORESET#0 PDCCH/SIB1 PDSCH should also be determined for NR in 52.6 – 71 GHz with similar considerations, e.g., the relationship with SCS for the other signals/channels (including SSB) and the exact use cases. 

Although the exact selection may depend on SSB SCS discussed above, there can be the following two alternatives for CORESET#0/SIB1 SCS selection: Alt 2-1) support 120 kHz SCS only or Alt 2-2) support 120 kHz and 480 and/or 960 kHz SCS. 

As discussed in the previous section, it is generally preferable to support the same SCS between SSB and CORESET#0 to simplify the design of CORESET#0/SS#0 configurations. In that sense, Alt 2-1 would be straightforward if Alt 1-1 is adopted for SSB SCS, while Alt 2-2 should be adopted in case of Alt 1-3 for SSB SCS.  In case that Alt 1-2 is adopted for SSB SCS, we should consider the case that UE will read CORESET#0 PDCCH/SIB1 PDSCH even in non-initial access case such as for ANR purpose. If Alt 1-2 and 2-1 are adopted, some SCS combinations between SSB and CORESET#0 such as 480/960 kHz SCS for SSB and 120 kHz SCS for CORESET#0 would need to be supported for ANR case and the single numerology operation even for SCell operation cannot be achieved due to CORESET#0 PDCCH/SIB1 PDSCH for ANR purpose. We think that the support of ANR in 52.6-71 GHz would be important and the support of single numerology operation would also be important. Therefore, even in case of Alt 1-2 for SSB SCS, Alt 2-2, especially both 480 and 960 kHz SCS should be supported for CORESET#0 PDCCH/SIB1 PDSCH in order to support the single numerology operation with higher SCS on SCell with ANR. Note that as discussed in Rel-16 NR-U, CORESET#0 frequency location can be derived based on the detected SSB even if the SSB is not on the sync raster, and CORESET#0 SCS and configuration can be indicated via MIB in the detected SSB.

Proposal 2: For SCS used for CORESET#0 PDCCH and SIB1 PDSCH, in addition to 120 kHz: 
· Both 480 and 960 kHz SCS should be supported.


2.3 Time domain SSB mapping
In order to support new SCSs (i.e., 480 and/or 960 kHz SCS) for SSB and CORESET#0 PDCCH/SIB1 PDSCH, there would be some other discussion points. One is time domain SSB mapping within a slot and within a half frame. In Rel-15/16, two or four SSBs are located in a single slot without guard symbols between them in FR2 (i.e., with 120/240 kHz SCS). Although time domain SSB mapping in FR2 should be a starting point for 52.6 – 71 GHz with 480/960 kHz SCS for SSB, whether/how to enhance time domain SSB mapping in 52.6 – 71 GHz with 480/960 kHz SCS for SSB should be discussed considering some 52.6 – 71 GHz specific features. 

When we consider adapting the existing SSB mapping in time domain (e.g., case D for 120 kHz SCS for SSB) for SSB with new SCSs, one potential issue is whether the consecutive transmissions of two SSBs without guard period is possible or not. With 480/960 kHz SCS, symbol/CP durations are shortened compared to 120/240 kHz SCS. Between transmissions of different SSBs, beam switching is performed at gNB since different beams are used for transmissions of different SSBs. In FR2 with 120/240 kHz SCS, the required time for such beam switching can be confined within the CP duration, and hence no guard period (symbol) between SSBs is required. However, in 52.6 – 71 GHz with 480/960 kHz SCS, it is not clear whether the required time for beam switching can be confined within the shorter CP duration or not. If the CP duration with 480/960 kHz SCS cannot cover the required time for beam switching, the existing SSB mapping in time domain may cause the degradation of SSB detection probability due to beam uncertainty within a SSB. 

There can be two potential approaches considered to deal with the beam switching related issue as described above. One is to reserve guard period with at least 1 symbol between SSBs in a slot. It may be relatively simple enhancement based on the existing SSB allocation in Rel-15/16 as it could be same or similar to case A or C SSB mapping within a slot. Another potential approach is to allocate only one SSB per slot. Compared to the former one, it will result in quite different SSB mapping for 480 and/or 960 kHz SCS compared to that for other SCSs. On the other hand, this approach could have a benefit considering, e.g., multiplexing SSB with CORESET#0 and SIB1 within a slot, as discussed in the following parts. Regardless of TDM and/or FDM between SSB and CORESET#0/SIB1, such one SSB allocation per slot can provide more available resources for CORESET#0 and SIB1 with consistent beam within a slot. 

Proposal 3: When new SCSs are supported for SSB, the two alternatives below can be considered for SSB mapping in time domain:
· Two SSBs per slot, with guard period of at least 1 symbol between the SSBs
· One SSB per slot


2.4 Multiplexing between SSB and CORESET#0 PDCCH/SIB1 PDSCH
Another point is how to multiplex SSB with CORESET#0 PDCCH and SIB1 PDSCH. Three patterns are supported in Rel-15/16: a type with TDM (pattern 1) and two types with FDM (pattern 2 and 3). SSB is FDMed with SIB1 PDSCH and CORESET#0 is TDMed with the SSB/SIB1 in pattern 2, while SSB is FDMed with both CORESET#0 and SIB1 PDSCH in pattern 3. 

When we discuss multiplexing between SSB and CORESET#0/SIB1, beam sweeping overhead for transmitting SSB/CORESET#0/SIB1 should be considered with a basic principle that same analogue beam is applied to SSB/CORESET#0/SIB1. For instance, in case of TDM (pattern 1) between SSB and CORESET#0/SIB1, the beam sweeping overhead is larger than that in case of FDM (pattern 2/3) where the time duration is shortened by FDM between SSB and CORESET#0 and/or SIB1. However, when FDM is performed between SSB and CORESET#0/SIB1 to achieve smaller beam sweeping overhead, a minimum channel bandwidth defined for a band in 52.6 – 71 GHz needs to be sufficiently wide to cover SSB bandwidth + CORESET#0/SIB1 bandwidth. Otherwise, available resources for CORESET#0/SIB1 may be insufficient. In addition, if we just adapt the existing FDM approach for the case of single numerology operation such as pattern 2, the number of time domain symbols for SIB1 PDSCH may be insufficient considering large propagation loss in 52.6 – 71 GHz.

Based on above discussion, for single numerology operation with 480 or 960 kHz SCS, at least TDM between SSB and CORESET#0/SIB1 (i.e., pattern 1) can be supported.

Proposal 4: When new SCS(s) is supported for SSB and a single numerology is used for both SSB and CORESET#0/SIB1, at least TDM between SSB and CORESET#0/SIB1 can be supported.

In case of TDM, to solve the issue on larger beam sweeping overhead, we propose to consider a different structure of the multiplexed SSB, CORESET#0 PDCCH and SIB1 PDSCH. For instance, assuming the same QCL between a SSB and associated CORESET#0 PDCCH/SIB1 PDSCH, it can be considered to allocate a set of SSB/CORESET#0 PDCCH/SIB1 PDSCH associated with the same QCL configuration within a set of consecutive symbols (e.g., 1 slot), and different sets are allocated in different sets of the symbols, respectively. This achieves the minimization of beam sweeping overhead since only a beam sweeping is necessary to transmit SSB, CORESET#0 PDCCH and SIB1 PDSCH. Also, by defining a set of consecutive symbols as 1 slot (i.e., 14 symbols), possibly FDMed other DL transmission(s) can be transmitted with the same beam as the set of SSB/CORESET#0 PDCCH/SIB1 PDSCH using a full slot. This could be another motivation to support one SSB allocation per slot discussed in the previous section. 

Proposal 5: In case of TDM between SSB and CORESET#0 PDCCH/SIB1 PDSCH, support different structure(s) of TDM than the ones supported in Rel-15/-16 NR. 
· E.g., a group of SSB/CORESET#0 PDCCH/SIB1 PDSCH, which are associated with the same QCL, is allocated within a slot


On the other hand, if mixed numerology operation between SSB and CORESET#0/SIB1 is supported, the preferred multiplexing pattern would depend on the actual combination of SCSs between SSB and CORESET#0/SIB1. For example, considering that SSB with smaller SCS performs slightly better, a combination of 120 kHz SCS for SSB and 480 (or 960) kHz SCS for CORESET#0 and SIB1 may be possible. In this case, since a symbol duration of SSB is longer than that of CORESET#0/SIB1, the number of available symbols for SIB1 PDSCH may be sufficient even in case of FDM between SSB and SIB1 PDSCH such as in pattern 2. 

Proposal 6: When lower SCS is used for SSB compared with that used for CORESET#0/SIB1, FDM between SSB and SIB1 PDSCH such as in pattern 2 can be considered.


3. [bookmark: _GoBack]Conclusion
Observation 1: For SSB, all the candidate SCSs, i.e., from 120 kHz to 960 kHz, would be available in terms of detection/BLER performance.

Observation 2: The following aspects are also important for the SSB SCS selection:
· The relationship with the SCSs supported for the other signals/channels
· The number of supported SCSs in a band in the frequency range

Proposal 1: For SSB SCS, in addition to 120 kHz: 
· 480 and/or 960 kHz SCS should be supported for initial access case.
· 480 and 960 kHz SCS should be supported for non-initial access cases.
· The support of 480 and/or 960 kHz SCS for SSB can be optional as well as for the other signals/channels.

Proposal 2: For SCS used for CORESET#0 PDCCH and SIB1 PDSCH, in addition to 120 kHz: 
· Both 480 and 960 kHz SCS should be supported.

Proposal 3: When new SCSs are supported for SSB, the two alternatives below can be considered for SSB mapping in time domain:
· Two SSBs per slot, with guard period of at least 1 symbol between the SSBs
· One SSB per slot

Proposal 4: When new SCS(s) is supported for SSB and a single numerology is used for both SSB and CORESET#0/SIB1, at least TDM between SSB and CORESET#0/SIB1 can be supported.

Proposal 5: In case of TDM between SSB and CORESET#0 PDCCH/SIB1 PDSCH, support different structure(s) of TDM than the ones supported in Rel-15/-16 NR. 
· E.g., a group of SSB/CORESET#0 PDCCH/SIB1 PDSCH, which are associated with the same QCL, is allocated within a slot

Proposal 6: When lower SCS is used for SSB compared with that used for CORESET#0/SIB1, FDM between SSB and SIB1 PDSCH such as in pattern 2 can be considered.
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