Page 1
3GPP TSG-RAN WG1 NR AdHoc	R1-1700786
16th – 20th November 2016
Spokane, WA, USA

[bookmark: Source]Agenda item:	5.1.1.1.3
Source: 	Qualcomm Incorporated
Title: 	Synchronization signal periodicity consideration
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In NR RAN1 #87 meeting, the following agreement regarding synchronization signal periodicity has been reached
Agreements:
· From UE perspective, SS burst set transmission is periodic
· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency
· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied
· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network
· FFS: Validity duration of information
· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity
· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available
· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption

Synchronization signal periodicity is very important for many aspects of the cellular system, including initial search latency, search complexity (timing hypothesis), requirement for NW coordination in terms of measurement gap configuration, etc. This contribution presents analysis on initial access latency as a function of synchronization signal periodicity and provides observation relative to LTE. UE battery consumption aspect is also discussed.
Initial Access Latency
We will consider the case of initial access when there is no prior knowledge for a given frequency band. Different approaches are assumed for LTE and NR considering different waveforms as follows:
· LTE
· Based on frequency scanning given the sync is located in the center of the carrier and there is always-ON wideband CRS
· NR
· Based on sync raster (direct detection of synchronization signals assuming 4.68 MHz sync raster [1])
· Sync location is not determined relative to the center frequency of NR carrier
· There is no always-ON wideband  RS over the carrier
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In LTE, PSS/SSS periodicity is 5 ms and PBCH is transmitted every 10 ms (MIB periodicity is 40 ms). For NR, we will assume the following cases for comparison. For simplicity, single beam is assumed in this contribution but the analysis can be similarly extended to multi-beams.
· NR_5: Same periodicity as LTE
· PSS/SSS is transmitted every 5 ms
· PBCH every 10 ms, MIB periodicity 40 ms
· NR_40: Sync/PBCH periodicity increases to 40 ms
· PSS/SSS every 40 ms
· PBCH every 40 ms, MIB periodicity 160 ms
· NR_40R: Sync/PBCH periodicity increases to 40 ms with a burst of repetition
· PSS/SSS every 40 ms, each transmission consists of consecutive X[footnoteRef:2] number of transmission [2:  X is subject to implementation. Here, we selected X to match the same processing gain as assumed in LTE. It should be noted that X in NR_40R and NR_80R needs to be larger compared to LTE in practice due to the lack of time diversity in fading conditions.] 

· PBCH every 40 ms, MIB periodicity 40 ms, each transmission consists of consecutive 4 HARQ transmission
· NR_80R: Sync/PBCH periodicity increases to 80 ms with a burst of repetition
· PSS/SSS every 80 ms, each transmission consists of consecutive X number of transmission
· PBCH every 80 ms, MIB periodicity 80 ms, each transmission consists of consecutive 4 HARQ transmission
Initial access latency comparison is shown in a relative manner to LTE TDD case in Table 1 for different cases:
· C1: When there is no valid carrier in a band (i.e., frequency scanning only for LTE)
· C2: Worst case with full searches and one full PBCH decoding (i.e., frequency scanning followed by worst case numbers of searches and one full PBCH decoding in LTE)
· C3: Median case with median number of searches and PBCH decoding (i.e., frequency scanning followed by median number of searches and one median PBCH decoding in LTE)
Regarding initial access latency, it is mostly left to implementation in LTE without minimum performance requirements. Therefore, the latency is shown only in a relative manner without revealing the actual delays in Table 1. However, it should be noted that the same type of PSS/SSS detection is assumed for the analysis and this should not be far from actual implementation in NR.
Table 1: Relative initial access latency increase (%) compared to LTE TDD
	BW
	20 MHz
	50 MHz
	100 MHz
	200 MHz

	 
	C1
	C2
	C3
	C1
	C2
	C3
	C1
	C2
	C3
	C1
	C2
	C3

	NR_5
	43
	-75
	-52
	138
	-61
	-2
	150
	-40
	45
	150
	-9
	83

	NR_40
	471
	0
	91
	852
	57
	292
	900
	142
	478
	900
	263
	631

	NR_40R
	43
	-81
	-47
	138
	-66
	2
	150
	-45
	48
	150
	-13
	85

	NR_80R
	129
	-66
	-13
	281
	-43
	66
	300
	-9
	138
	300
	41
	197



Summary of observations
· NR with large SYNC periodicity (even 40 ms) without repetition does not lead to acceptable initial access latency.
· NR with 40 ms SYNC periodicity with repetition (NR_40R) is comparable to NR with 5 ms SYNC periodicity (NR_5). However, the current analysis assumes the same processing gain only, therefore this would be valid only for AWGN condition. When fading condition is considered, it is expected that NR_40R will require a larger latency due to the lack of diversity in the samples from consecutive slots.
· NR with 80 ms SYNC periodicity with repetition (NR_80R) has roughly double the latency of 40 ms SYNC periodicity with repetition (NR_40R).
· In general, other than LTE frequency scanning only case (C1), NR tends to takes longer to find a detectable cell when the bandwidth of the band is getting larger (C2 & C3). Thus, it is important to maximize the synchronization frequency raster as much as possible without hurting deployment flexibility. This will be extensively discussed in [1].

Based on observations, the preferred option should be the short SYNC periodicity same as LTE (5 ms) from initial access latency perspective. If a larger SYNC periodicity needs to be pursued at the expense of worse latency in NR, actual detection performance in fading conditions needs to be studied with a burst of repetition.
Proposal 1: 5 ms SYNC periodicity is proposed for NR.
In addition to the case of initial access for a new band as discussed above, we also need to consider the case of out of coverage. When UE enters the out-of-coverage area, UE needs to perform periodic searches. If the SYNC periodicity is increased and UE is required to search for a longer duration, UE needs to increase the search periodicity in order to target similar battery consumption as in LTE. This means that the come-back time when UE enters in-coverage area will be increased w.r.t. the increase of search periodicity during out-of-coverage.
UE battery consumption
The larger SYNC periodicity has direct impact on latency but it also affects UE battery consumption. This is particularly the case where UE is not aware whether SYNC signals of every cell in NW overlaps; i.e. whether NW is synchronous or not (for example LTE FDD deployments). 
In such cases, for both idle and connected modes (inactive and active), there will be significant impact on battery consumption with periodic search and measurements in UE, as UE is required to capture and monitor at least one SYNC period so that it can detect async cells. 
In order to address this issue, NW assisted measurements should be accompanied by any larger SYNC periodicity compared to LTE. In other words, NW needs to provide the exact measurement occasion for both serving and neighboring cells. This implies that NR cannot work with asynchronous NW or at the boundary of synchronous NW. 
In addition, given the existing measurement gap is 6 ms in LTE and UMTS, inter-RAT measurements for NR from UMTS/LTE is not possible without NW assisted measurements with a larger SYNC periodicity.
Proposal 2: If the increase of SYNC periodicity is considered for NR, NR should assume NW assisted measurements and fully synchronized deployment only.
Conclusions
This contribution has presented analysis on initial access latency as a function of synchronization signal periodicity. We also discussed UE battery consumption aspect. We should ensure that NR performs at least comparable to LTE in terms of both latency and UE battery consumption. The following proposals have been made:
Proposal 1: 5 ms SYNC periodicity is proposed for NR.
Proposal 2: If the increase of SYNC periodicity is considered for NR, NR should assume NW assisted measurements and fully synchronized deployment only.
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