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1	Introduction
In meeting #89 RAN1 send LS response to RAN4 regarding the minimum supported carrier bandwidth[1]. RAN4 provided an another LS regarding this matter to RAN1 from RAN4 meeting#84 [2]. In the LS RAN4 asked RAN1 to address following points [2]
1. Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

1. For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band. 

1. RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.

In this contribution we discuss the different aspects related to the questions raised in the LS from RAN4. This is a revised version of R1-1716522.
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2	Discussion
Based on RAN4 LS [2], there would be a desire from different operators to use different sub-carrier spacing to meet different use cases. In general, when the SS block mapping to slots were considered different aspects and uses cases were considered. One aspect, also discussed in last meeting [3], we the ability to support efficient time multiplexing with different NR sub-carrier spacings, either higher or lower. Also the ability to support TDM co-existence with LTE [4] was agreed to be enabled by the SS block mapping as illustrated in Figure 2 below. For higher bands, using higher sub-carrier spacing allows to reduce the overhead of having multiple synchronisation beams.
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Figure 1. SS block mapping to slots
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(a)	(b)
Figure 2. TDM coexistence of 30kHz SS Blocks and LTE normal DL and MBSFN subfames[4].
In the LS RAN4 requests RAN1 to provide solution which would enable two different operators, with different spectrum allocations to use the sub-carrier spacing that would suit best to their deployment. On high level 3 different approaches to address the two cases raised by RAN4:
1) Assume two SCS hypothesis for the initial cell selection for certain bands. 
a. Hence for certain bands UE would be in case of blind cold boot to perform initial cell selection by searching candidate cell with two different sub-carrier spacings. This could imply increased delay in initial cell selection, and therby increased UE power consumption. In order to limit the impact to initial cell selection, it would be preferable to keep the limitation (as agreed in last meeting for NSA scenario, see Annex) that for intra-frequency (after the initial cell selection) UE can assume that the all the intra-frequency cells have same sub-carrier spacing.

2) Assume only one SCS hypothesis for intial cell selection for all bands but use the network adaptation and indication of used SCS.
a. Based on the NSA agreement made in last meeting (Annex A), network could inform UE that on certain inter-frequency layers the sub-carrier spacing could be different than the default. This would remove the burden from UE (assume only single SCS for intial cell selection), but would require the operator to assing one carrier to use the default sub-carrier spacing, at least in cases where legacy RAT cannot be assumed to be used for intial system acquisition. This coud lead fragmentation of the spectrum asset and possibly limit the total available bandwidth. 

3) Change the SSB design so that it would allow SSB with higher sub-carrier spacing to be fit to narrower bandwidth so that same SCS could be applied in all cases. 
a. In practise this would mean changing the NR-PBCH design so that it would be restricted to 12PRB bandwidth. In order to keep the performance similar (especially in limited bandwidth) there would be need to increase the number of NR-PBCH symbols to keep the coverage. To compensate the impact, time allocation would need to be increased. Increasing the SSB size from four symbols to five or six, would result a need to change the agreed SS block slot mapping. While 4 symbol SS blocks can be mapped to one 14 symbol slot so that symbols for both DL and UL can be preserved (even with diffent numerologies) and even enabling the TDM with LTE slot formats, this would not be possible with 6 symbol SS block. Either there would be long gaps for UL transmissions or the maximum number of supported SS blocks would need to be reduced. 

From the above discussion it can be seen each of the considered solution has its drawbacks. Based on our understanding option 2) is not preferred by some operators and correspondingly option 3) may result some restrictions and changes to system operation that are not desirable. In Annex B, at the end of the document, the performance evaluation results from the reduced bandwidth are presented, showing that with for example 1 symbol increase in time foot print the performance loss is still ~1.5dB. 
In the discussions in RAN1 the implication of the NR-PBCH bandwidth to the channel raster were also raised. In last meetingt RAN4 also requested RAN1 also to enable the support of ‘floating synch’[6], which was stated in LS to enable “a sync channel raster with minimum number of entries and possibly better spectrum utilization”, which was then agreed to be supported by RAN1 (via indication carried in NR-PBCH payload). Based on the discussion it would seem that with limited transmission bandwidth configurations, the small RF channel raster step (enabled by the ‘floating synch’) this may not be preferable from synchronisation raster perspective if the minimum channel bandwidth is as small as the SSB bandwidht. As it is understood that the RF channel raster has not yet been agreed by RAN4, it is evident that RAN4 should acknowledge this in the selection of the channel raster value. Alternatively, RAN4 may reconsider the spectrum utilization for the combination of a channel bandwidth of 10 MHz and a SCS of 30 kHz. This is a combination where the SS block occupies the entire carrier. Hence the floating sync cannot take effect here, and the synchronization raster equals the channel raster. An increase to a spectrum utilization of 25 PRBs would allow for using the floating sync to increase the synchronization raster to 195 kHz for a channel raster of 15 kHz. Naturally there are other aspects like the efficient operation of CA which would need to be also considered by RAN4. 
In relation to the question raised by RAN4 to RAN1 in their LS [2], it is felt that for selected and limited frequency bands, the option 2) could be considered. It is also felt that for intra- and inter-frequency measurements UE could still assume only single sub-carrier spacing. 
3	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution we have discussed aspects raised in the LS sent by RAN4 [2], and based on the discussion we propose that RAN1 informs to the RAN4 that :-
RAN1 recommends that for those bands where single sub-carrier spacing cannot satisfy all the requirements set by different operator deployments, the number of hypotheses for initial cell selection is increased to meet the set requirements. 
Furthermore, in order to limit the implications to initial cell selection, RAN1 recommends that after intial cell selection, for intra-frequency measurements and also for inter-frequency measurements UE can assume single sub-carrier spacing for SS block.
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Annex A. Agreement on NW adaptation of scs for SSB

Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access
· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information
· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier
· In case that target NSA carrier is in below 6 GHz range, 
· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 
· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE
· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission

Annex B. Performance of NR-PBCH
In Figure 3 we present evaluation results of the NR-PBCH one-shot performance comparing 12 PRB allocation options (blue, red, green) to baseline of 24 PRB allocation (black). In this evaluation, assumption has been kept unchanged from the past evaluations (e.g. DMRS density is kept at 3/12). To improve the performance for 12PRB cases with 3 and 4 symbol the SSS is used in addition to DMRS to improve the performance. The frequency error fine tuning is done based on 2 symbols in all cases. As discussed in early stages of NR initial access desing, one-shot performance is important in beam sweeping systems. Beam sweep will inherently increase in overhead, compared to single beam, and therefore it is of interest to try to limit this overhead by increasing the periodicity on which the signals, that need to be beam swept, are sent. To limit the impact of this to latency it would be desirable that the one-shot performance is at good level. Looking at the results shown in Figure 3 it can be sen that reduding the number of allocation to 12PRB results 3.87dB loss (including loss of frequency diversity). The loss compared to the baseline with 12PRB allocation and 3 symbol time allocation is 1.48dB. With four symbol allocation the loss is still 1.09dBs
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[bookmark: _Ref494476470]Figure 3. NR-PBCH one-shot detection performance results with different bandwidth and time domain allocation.
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