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1 Introduction

In the RAN4 NR AH1801 meeting, frequency ambiguity issue on current sync raster design for LTE re-farming bands was raised and discussed in both RAN1 and RAN4. After discussion, RAN4 agreed WF on SS raster shift to address further study on sync raster shift [1]. Action item based on WF are as follows;

· Companies are encouraged to study and compare the “pros” and “cons” of the following solutions:

· +/- 5kHz or +/- 10kHz shift with RMSI signaling 
· Wider frequency shift with 3 sequential raster scans at each 900kHz step and no RMSI signaling 
· Feasibility of possible frequency shift which allows single raster scan at each 900kHz step and no RMSI signaling 
· Based on the above analysis, RAN4 to conclude the SS raster offset value in RAN4 #86 meeting.     
In this contribution, we provide our views based on agreed WF. 

2 Discussion

Based on agreed WF, following options can be expected.

· Option 1a : ±5kHz shift with RMSI signaling

· Option 1b : ±10kHz shift with RMSI signaling

· Option 2 : 100 kHz shift without additional signaling
Identified issue based on current sync raster design for LTE re-farming bands are as follows;

· 30 kHz SCS can’t support on all possible channel raster.

· Frequency ambiguity considering initial frequency offset up to 10ppm on UE VCXO.

For 30 kHz SCS support, current agreed option of 1a can’t support all possible channel raster whereas other options doesn’t have such limitation as presented during last RAN4 meeting[1][2] and it means that operator’s deployment scenario can be limited if operator deploy cell with 30 kHz SS SCS. In that sense, option 1a seems to be inappropriate for sync raster in LTE re-farming bands, considering relatively narrow spectrum holdings of operators.
Observation 1. Option 1a seems to be inappropriate for sync raster, considering limitation on 30 kHz SS SCS support.
For frequency ambiguity issue, if frequency difference between adjacent sync raster is relatively small compared to its initial frequency offset up to 10 ppm on UE VCXO, UE can’t distinguish exact sync raster entry point. For this issue, RAN1 already agreed to introduce RMSI signaling to indicate the value of M (as in 38.101) for sync raster when narrow sync raster shift will be decided such as option 1a/1b.

By using such M value signaling via RMSI, frequency ambiguity issue on option 1a/1b can be overcame. It seems that there still be exist possible potential issue since M signaling can’t be available before the successful decoding of RMSI. Anyway, considering lower geometry PBCH/CORRSET-PDSCH decoding than other physical channel, such potential performance issue seems to be trivial. In Figure 1, we present our internal preliminary simulation results for PBCH decoding to evaluate potential performance issue before receiving RMSI. From Figure 1, we can see that potential performance degradation due to frequency ambiguity in PBCH decoding is less than 0.2dB. Although we don’t have any performance results for CORRSET-PDSCH decoding at this time, we expect that CORRSET-PDSCH performance loss also be within marginal.
Observation 2. For option 1a/1b, potential performance issue on option 1a/1b can be existed but seems to be marginal 
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Figure 1.  Preliminary simulation results for PBCH decoding performance
Main advantage of option 1a/1b compared to option 2 is that UE BB can do 3 parallel searching on every single PLL re-tune. When UE execute cell search, PLL re-tune time have relatively large portion of total required cell search time for each single sync entry. Thus, when option 1a/1b is used, UE can reduce initial searching time and power consumption during cell searching can be lowered, as a results. Although such parallel searching technique might require additional BB HW logic on UE cell searcher, but we think that it can be ignored compared to total UE BB complexity.
Observation 3. Considering relatively large PLL re-tune time, parallel searching of option 1a/1b is desirable considering cell searching time and UE power consumption. 

In Table 1, we summarized Pros. and Cons. for existing 3 options based on our observations.
Table 1. Pros. and Cons. for 3 sync raster shift options

	
	Pros.
	Cons.

	Option 1a
	Short searching Time1

	Limitation on 30 kHz SCS support

Additional signaling is required

Potential performance issue2

	Option 1b
	Full support of 30 kHz SCS
Short Searching Time1
	Additional signaling is required
Potential performance issue2

	Option 2
	Full support of 30 kHz SCS
No additional signaling
No potential performance issue 
	Long searching time3

	Note 1. 3 parallel search with single PLL re-tune seems feasible.

Note 2. Initial frequency offset can’t be corrected before RMSI is successfully received.

Note 3. PLL re-tune is required for every sync raster entry.


From above all our observations, we think that option 1a should be excluded whereas option 1b or option 2 seems to be feasible options for sync rater design on LTE re-farming bands. Between option 1b and option 2, we slightly prefer to take option 1b as sync raster design on LTE re-farming bands because option 1b seems to be more beneficial in terms of UE cell searching time and power consumption.
Proposal 1. Take option 1b (10 kHz with RMSI signalling) as baseline sync raster for LTE re-farming bands.

3 Conclusion
In this contribution, we propose following based on our observations.
Proposal 1. Take option 1b (10 kHz with RMSI signalling) as baseline sync raster for LTE re-farming bands.
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