3GPP TSG-RAN WG4 Meeting #83	R4-1704524
Hangzhou, China, 13 -17 May, 2017

Source:	SoftBank Corp.
Title:	On synchronization raster concept in NR
Agenda item:	10.3.2
Document for:	Approval

1.  Introduction
In RAN4#82bis, we presented a contribution to warn that the channel raster of NR should be determined not to violate the borders of allocated blocks [1]. In the same meeting, synchronization raster was discussed [2], [3]. This paper is to address the issues around synchronization raster (sync-raster) on RF/spectrum to draw group’s attention.

2.  Synchronization Raster
Judging from RAN1 minutes of recent meetings, the details of sync-raster still seem to be outstanding. Then this paper is based on [2] and [3] as assumptions of discussion.

In case of initial cell search, the current LTE approach is to inspect every 100kHz raster to find PSS/SSS in principle (but in case of Band 1, nobody thinks the center freq. of a CC is placed in 2110.1MHz (except guardband NB-IoT) so various optimizations are feasible). 
In sync-raster approach in NR, it seems that firstly sync-raster for NR-PSS/SSS is placed in every given interval (FSCR) aligning with subcarrier positions (according to [3]) so that an NR UE has to check every FSCR to acquire synchronization. Currently, values around 4.7MHz are proposed for FSCR. With this, candidate points for PSS/SSS could drastically be reduced. 
The channel raster would/could be given by offset from sync-raster, probably via signaling such as MIB/SIB. This implies that the channel raster is no longer relevant to cell search. 
But with this change, we cannot always put the channel raster (the center of CBW) on the center of an allocated frequency block because subcarrier positions have already been under a constraint of sync-raster position which has granularity of multiple of (at least) 15kHz from somewhere in a band, for example from the bottom of DL frequency (an example is in Section 3.) Currently, 120kHz and 300kHz are proposed in [3] as channel raster values. This will introduce a similar problem as in [1], i.e. a portion of channel BW(CBW) goes beyond an allocated block because of mismatch between the channel raster and the center of the block. The worst spillover would be the half of the proposed channel raster: 60kHz or 150kHz.
The logic is similar to CC arrangement in intra-band contiguous CA in the sense that the CC separation is required in 300kHz granularity, where one of the CCs should be offset from the normal single CC center point in some cases. However, with sync-raster, a difference is that 15kHz*n granularity would be applied to throughout the band, i.e. not only one CC within an operator, so it could be largely incompatible with the current LTE fashion to place a CC in the center of 5*n MHz block (in general). In sync-raster, thus, the constraint would affect plural operators using the same band.
[Observation -1] In current sync-raster approach, violating allocation block border could happen.
3.  RAN4 Problems foreseen
This section is mainly intended to consider what happens if we follow the current proposals.

3.1 CBW Spillover
In RAN4-RF standpoint, it is essential for CBW (or OBW) of the NR fit within an allocated block defined/permitted by a regulator. Then if we should respect sync-raster approach as above, a possible way is to reduce CBW at least by the amount of the worst spillover. The situation is depicted in Figure 1. This picture is based on [3] in 10MHz BW, assuming that the new channel raster is 120*n or 300*n relative to 0MHz point. 

Figure 1 CBW spillover and reduction
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Since SS acquisition is downlink process, this could be done only in DL as a minimum. But in FDD, UL center frequency is derived from DL raster position and duplex distance. In TDD, normally the center of DL/UL is the same.  Thus it seems that UL CBW should also be reduced otherwise the spillover would happen in UL.
This could be cumbersome in RAN4 RF since 1) majority of requirements would be set taking anti-symmetricity relative to the center frequency or channel edge into consideration: OOB/spurious regions, SEM, ACLR or blocking, 2) which side to be shortened depends on frequency position. So most likely, both ends would be shortened to guarantee the symmetricity relative to the channel raster. In this case, CBW would be 9.88 or 9.7MHz for 10MHz allocation. This leads to tightening of some requirements when the reduction of CBW (= guardband of one side as a matter of fact) could not be negligible.
[Observation-1] To accommodate “10MHz NR CC” in 10MHz spectrum block under sync-raster scheme, CBW of NR should be less than 10MHz.
[bookmark: _GoBack]On the other hand, since cell-search is solely done with sync-raster, it is not clear how we should define the channel raster interval or granularity. If the offset between the sync-raster and the channel raster can be expressed in the number of subcarriers, it seems possible to place/define the channel raster in subcarrier granularity. In addition, it seems that RAN1 thought is not yet clear on the relation between the sync-raster and NR-RB (not subcarrier) which could introduce further constraint. Further investigation is likely after RAN1 decision is clearly made. 
3.2 5MHz BW
Another issue is in the interval of sync-raster (FSCR). 5MHz block has been largely assumed in W-CDMA/LTE but this is not always the case (cf: in US Band 41, block size is 5.5MHz or 6MHz). So it is not an easy task to select FSCR since this would make certain frequency blocks to be blacked out for the initial search. Current proposal in [3] seems to be aimed at ensuring at least one NR-SS in any 9MHz window, solely for minimum BW ≥10MHz. If 5MHz should be the minimum BW for NR under 6GHz, current proposal of both BW of NR-SS (4.32MHz) and FSCR of 4.68MHz must be reconsidered. 
 [Observation -2] Current proposal could not address 5MHz BW or 5MHz block spectrum allocation. 
Since raster (both sync and channel) definition has to have universal nature, to be applied regardless of actual BW allocations or arrangements within a band, careful thought is required to minimize the penalty. It is especially risky in legacy LTE bands where 5MHz-based spectrum usage is largely likely.
As discussed above, the introduction of sync-raster would give some impacts to RF requirements. Our intention is not to discuss technical solutions but rather to propose as a general principle: 
[Proposal-1] In sync-raster design, RF issues should be addressed as a package.

4.  Conclusion
This paper discusses issues on sync-raster based approach and NR BW to be confined within the allocated frequency. For sync-raster, we’d like to propose to consider RF issues as a package so that this new scheme does not violate relevant regulations.
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