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Introduction
In Rel-16, 3GPP specified neighbor cell measurements for RSS in order to facilitate improved measurement performance for deep coverage scenarios. A substantial part of the RAN1 specification work addressed introducing a structured and cell id-based RSS deployment throughout the time-frequency resources in a carrier. However, RAN1 did not consider any timing misalignment between base stations in the specification work. As a result, some of the benefits arising from the structured RSS deployment may be lost and UEs may face complexity challenges that are dependent on network alignment performance. For that reason, RAN4 has sent an LS to RAN1 [1], asking RAN1 to address the matter of network alignment performance and reproduced below for convenience:
	RSS-based RSRP measurement for eMTC was introduced by 3GPP in Rel-16. RAN4 seeks clarification regarding the ability of the UE to perform RSS-based RSRP measurement on intra-frequency neighbour cells.
RAN4 requests that RAN1 and RAN2 discuss and make clarifications with respect to the following questions regarding RSS-based measurements on intra-frequency neighbor cells:
a. Confirm RAN4’s understanding that the UE is able to infer or calculate the frame offset of the start of RSS transmission on neighbor cells from RRC signalling in the serving cell, as described in TS 36.331 subclause 6.3, and clarify whether said frame offset is relative to each neighbor cell’s own SFN or the serving cell SFN.
b. Confirm that the UE is not expected to acquire SFN on the neighbor cells solely for the purpose of performing RSS-based measurements. 
c. Clarify whether there are existing SFN synchronization requirements between neighbor cells and the serving cell imposed by RAN2 or RAN1 in the context of RSS-based measurements. If said frame offset is relative to each neighbor cell’s own SFN, from RAN4 perspective, the UE can perform RSS-based measurement on neighbour cell only provided that the subframes between serving cell and measured neighbour cell are misaligned by not more than 5 subframes (i.e. SFN is synchronized within ±5 msec). Does RAN1/2 specification allow such level of alignment between serving and neighbor cells?



Discussion
Below we address each of RAN4’s questions and make proposals for what to include in a reply LS to RAN4.
Deriving neighbor cell RSS frame offset from serving cell RRC signaling
In the Rel-16 specification work, great effort was made to allow the UE to discern the RSS time frequency resources for neighbor cells without requiring a vast amount of signaling. The result of this work is specified in [2], Sec. 6.3 and is signaled in SIB-4 or SIB-5.  Hence, it is possible for the UE to derive the frame offset of the start of the neighbor cell RSS transmission from serving cell RRC signaling.
If the network is synchronized, it wouldn’t matter if the UE derives its frame offset from the serving cell or the neighbor cell since both cells would use the same SFN. Unfortunately, not all networks can be assumed to be synchronized networks and even if they were, it is unlikely that the whole network was synchronized. Hence, to make sense, it must be assumed that RAN4’s question also concerns at least somewhat unsynchronized networks. Considering the RRC signaling that the UE use to determine the neighbor cell RSS location, that signaling is implicit, in the sense that the offset is given by the cell id of the neighbor cell, regardless of the timing alignment of the serving cell and neighbor cell. Hence, in order for the neighbor cell frame offset to be unambiguous, as provided by multiple unsynchronized serving cells, the neighbor cell frame offset must be in relation to the SFN of the neighbor cell since otherwise UEs with different serving cells would have different RSS frame offsets.
[bookmark: _Toc68641927]For a synchronized network it does not matter if the frame offset is given by the serving cell or the neighbor cell.
[bookmark: _Toc68641928]For unsynchronized networks, frame offset must be indicated in relation to the neighbor cell.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc68641929]Include in a reply LS to RAN4 that:
a. [bookmark: _Toc68641930]The UE is capable to derive the frame offset of the start of a neighbor cell RSS transmission from serving cell RRC signaling, and,
b. [bookmark: _Toc68641931]The neighbor cell RSS frame offset, as provided by a serving cell’s RRC signaling, is related to the neighbor cell SFN.
Expectation on UE to acquire neighbor cell SFN
Based on the above conclusions, it is necessary for the UE to independently acquire SFN in order to know the SFN misalignment between the serving cell and a neighbor cell. Hence, prior to using RSS for measurements, the UE would need to detect, PSS, SSS and PBCH. It should be noted that this operation only needs to take place once and would subsequently rely on RSS measurements for tracking, assuming sufficiently frequent measurements. 
In LTE, the maximum specified timing drift in an eNB is 50 ppb, i.e., 50 ns per second. Hence, assuming a worst-case relative timing drift of 2x50 ppb, the RAN1 specification allows for cell synchronization of ±5 ms provided the measurement frequency is higher than approximately twice per day (5 ms/100 ns/s = 50 ks = 13.9 h).
[bookmark: _Toc68641932]Include in a reply LS to RAN4 that:
c. [bookmark: _Toc68641933]The UE is required to determine the neighbor cell SFN once in order to utilize RSS for neighbor cell measurements.
d. [bookmark: _Toc68641934]SFN misalignment may be tracked while performing measurements on RSS.
SFN synchronization requirements between neighbor cells
The RAN1 specification allows for extensive flexibility in configuring RSS in a network to be able to use RSS for measurements. However, RAN1 does not pose any constraints regarding synchronization among neighbor cells for RSS-based measurements to be feasible. Here it is worth noting that for most specified RSS configurations, RSSs of different neighbor cells would anyway not be synchronized even if the cells were so (although some configurations do allow time alignment, or even collocation, among RSSs of different neighbor cells).
In general, LTE does not have any provisioning for knowing the instantaneous timing misalignment between a serving cell and a set of neighbor cells. Hence, it is not possible to define a general SFN synchronization performance among neighbor cells. On the other hand, LTE-A networks with more advanced features requires accurate synchronization between co-operating cells, by far exceeding the requirement of ±5 ms as requested by RAN4, see Figure 1.  For this reason, assuming a neighbor cell synchronization requirement of ±5 ms is well within the capability of LTE-A networks. Based on this, it is reasonable to assume that the corresponding level of SFN synchronization among neighbor cells is feasible also for RSS-based neighbor cell measurements.
[image: ]
[bookmark: _Ref66266095]Figure 1: Synchronization requirements of RAN features.
[bookmark: _Toc68641935]Include in a reply LS to RAN4 that:
e. [bookmark: _Toc68641936]RAN1 does not pose any synchronization requirements between neighbor cells and the serving cell to enable RSS-based measurements.
f. [bookmark: _Toc68641937]RAN1 would like to make RAN4 aware that even in a fully synchronized network, only a subset of the RSS configurations for RSS-based measurements specified by RAN1 will result in an RSS alignment among neighbor cells within ±5 ms. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	For a synchronized network it does not matter if the frame offset is given by the serving cell or the neighbor cell.
Observation 2	For unsynchronized networks, frame offset must be indicated in relation to the neighbor cell.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Include in a reply LS to RAN4 that:
a.	The UE is capable to derive the frame offset of the start of a neighbor cell RSS transmission from serving cell RRC signaling, and,
b.	The neighbor cell RSS frame offset, as provided by a serving cell’s RRC signaling, is related to the neighbor cell SFN.
Proposal 2	Include in a reply LS to RAN4 that:
a.	The UE is required to determine the neighbor cell SFN once in order to utilize RSS for neighbor cell measurements.
b.	SFN misalignment may be tracked while performing measurements on RSS.
Proposal 3	Include in a reply LS to RAN4 that:
a.	RAN1 does not pose any synchronization requirements between neighbor cells and the serving cell to enable RSS-based measurements.
b.	RAN1 would like to make RAN4 aware that even in a fully synchronized network, only a subset of the RSS configurations for RSS-based measurements specified by RAN1 will result in an RSS alignment among neighbor cells within ±5 ms.
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