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Introduction
[bookmark: _Hlk4400683]In the LTE-MTC Rel-16 WID it is decided to implement the use of RSS for measurements according to the following objective [1]:
	Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]


RAN1 discussed the use of RSS for measurements in RAN1 #96bis, and made the following agreements [2]:
	Agreement
Prioritize future RAN1 work on the following neighbor cells’ RSS parameters when reducing the number of signaling bits:
· ce-rss-freqPos-config: RSS frequency location (lowest physical resource block number)
· ce-rss-timeOffset-config: RSS time offset in number of radio frames

For further discussion until RAN1#97
Further evaluate which RSS parameters are likely to be common and/or similar between camped cell and neighbor cell(s).  For those RSS parameters that are not common and/or similar discuss how they are signaled.
· Including whether to send LS to RAN2 on RAN1 conclusion on which RSS parameters are likely to be common and/or similar.

Agreement
Support the indication of the number of CRS ports for each neighbor cell in signaling the neighbor cells’ RSS parameters.

For further study
Consider until RAN1#97 the following options for reducing the signaling bits of the neighbor cells’ RSS frequency location and RSS time offset:
· Option 1: Reduce the signaling resolution; and then UE searches for exact RSS location
· The reduced signaling resolution is FFS
· Option 2: Restrict the RSS locations by reducing the number of possible RSS locations
· The exact restriction method is FFS
Either Option 1 or 2 can be complemented by other methods.


In this contribution we advance our views on the objective of using RSS for measurements.
[bookmark: _Ref178064866]Discussion
RRM measurement procedure
The objective of the work item is to improve measurements by using RSS. The assumption is that by using RSS with more signal energy per PRB, more accurate measurements will result compared to using the relatively sparse CRS based measurements. However, the scope does not include more dramatic changes in the RRM measurement procedure which anyway would most likely not be acceptable to RAN4. Hence, the procedure should remain intact, and the provision of neighbor cell (NC) RSS information should take the present procedure into account. That leads us to the following observation:
[bookmark: _Toc7812335]The present work item scope does not allow for changing the RRM measurement procedure.
When defining RSS parameters and use of RSS, RAN1 should consider the existing measurement procedures and assumptions that are used in RAN4. This involves, e.g., cell search responsibilities and assumption on network synchronization. Even if most networks today are well-synchronized, RAN4 does not take that into account when performing RRM measurements and is unlikely to introduce a deviating behavior for RSS. 
[bookmark: _Toc7812336]RAN4 assumes unsynchronized networks in RRM measurements.
Another matter is how RAN4 will use RSS for measurements. RAN1 has so far assumed that NC measurements will be based on RSS, but so far, no RAN4 agreement regarding that has been made. If RAN4 agrees on some other scheme where RSS is not used for NC measurements, e.g., serving cell measurements for random access, it is unnecessary to provide any NC information at all. There would still be a benefit in using RSS for NC synchronization, though, but that would require neither RSS power boosting nor CRS port information, since they only affect measurements.
[bookmark: _Toc7812340]Neighbor cell power offset and CRS port information is only provided if RAN4 agrees that RSS is used for neighbor cell measurements.
Present RRM measurements procedure puts a lot of responsibility on the UE in that the UE is responsible for detecting which neighbor cells (NCs) to include in its measurements. This is natural, since only the UE knows its surroundings and which cells it can detect. Presently, there is no commonly used NC list in LTE that the UE can use for determining its surroundings. There are good reasons why that is the case; any such list would either be incomplete or very extensive, and possibly also outdated, as the cell planning changes with the changed traffic patterns and user needs. Since it is the responsibility of the UE to detect the NCs, it is not feasible to assume that the network should provide that information for RSS.
[bookmark: _Toc7812337]The UE is responsible for detecting its neighbor cells. It is not feasible that the network provides a complete neighbor cell list for all UEs in the cell.
The above leads us to reconsider some previous thoughts on whether and how RSS information should be provided to UEs. Considering that any NC list cannot be assumed to be complete, for RSS to be useful it is preferable to have as many parameters as possible configured on a carrier level and not on a cell level. Thereby, the UE would know the configuration of the carrier upon obtaining the configuration of the cell. For the remaining parameters, such as time offset and frequency location, these should be mapped to the cell id such that the UE can easily detect them. By constraining such mapping to within a narrowband, it is possible to both have a limited UE complexity in detecting NCs, and some network flexibility in the RSS deployment.
[bookmark: _Toc7812341]Avoid neighbor cell RSS signaling by defining duration and power boost as carrier specific parameters and use predefined mappings for time offset and frequency locations.
Regarding power boost and number of CRS ports, these are only needed if RSS is used for measurements, and that RAN4 agreement is still not made. Furthermore, regarding the number of CRS ports and its effect on the RSS power level, the scaling level is the same for 2 and 4 CRS ports [3] and today very few networks use 1 CRS port. Hence, also considering the above difficulties with NC lists, it is proposed to further study the consequences if the UE assumes the same configuration as in the serving cell.
[bookmark: _Toc7812342]Further study the consequences if the UE assumes the same CRS port configuration in the neighbor cells as in the camping cell.
Cell id-to-RSS time-frequency mapping
RAN4 is presently evaluating two different deployment scenarios for RSS:
· Collocated deployment, i.e., the same time-frequency resource is used throughout the whole network, and,
· Cell specific deployment, i.e., different time-frequency resources is used for each cell.
Both scenarios present good performance and RAN1 should allow for both – in particular since collocated deployment would allow UEs to use RSS more efficiently. That would in turn allow for a more extensive use in cell search procedures. However, considering RAN4 performance assessment is still ongoing, cell specific deployment should also be allowed. For cell specific deployment, a configuration that allows for deployment within a narrowband is preferable from a UE perspective since it allows for simultaneous detection of and measurement on RSSs from multiple cells. This configuration is likely also acceptable from an interference perspective. In order to avoid neighbor cell signaling, the cell specific deployment should have a well-defined mapping between the cell id and the allocated time-frequency resource.
[bookmark: _Toc7812338]Initial RAN4 results show that good detection performance can be achieved with collocated RSSs.
[bookmark: _Toc7812339]From the UE perspective, it is beneficial to concentrate RSS locations to the same narrowband.
The above observations lead us to the following proposal about RSS configurability:
[bookmark: _Toc7812343]RSSs may be configured to be either collocated to the same time-frequency resource or to use predefined cell specific cell id-to-time-frequency resource mappings.
While collocation requires no further configuration since the UE will know the configuration of the serving cell, the easiest way to configure separate resources is through a mapping between cell ids and what time-frequency resource to be used. If the rationale for a separate mapping is to provide separation of RSSs among cells, the separation should be maximally utilized. That means that the whole RSS period should be used for distributing the RSS time offsets among cells. Taking this approach, only for the case with the least overhead, i.e., the shortest RSS duration and the longest RSS period, no overlap will occur. Hence, it may be desirable to have at least two configurations, one that allows for overlapping deployment within a narrowband and one that allows for non-overlapping deployment within a wider bandwidth. 
[bookmark: _Toc7812344]For cell specific deployment, allow for predefined RSS deployment within both a narrowband and the carrier for overlapping and non-overlapping deployment, respectively.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The present work item scope does not allow for changing the RRM measurement procedure.
Observation 2	RAN4 assumes unsynchronized networks in RRM measurements.
Observation 3	The UE is responsible for detecting its neighbor cells. It is not feasible that the network provides a complete neighbor cell list for all UEs in the cell.
Observation 4	Initial RAN4 results show that good detection performance can be achieved with collocated RSSs.
Observation 5	From the UE perspective, it is beneficial to concentrate RSS locations to the same narrowband.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Neighbor cell power offset and CRS port information is only provided if RAN4 agrees that RSS is used for neighbor cell measurements.
Proposal 2	Avoid neighbor cell RSS signaling by defining duration and power boost as carrier specific parameters and use predefined mappings for time offset and frequency locations.
Proposal 3	Further study the consequences if the UE assumes the same CRS port configuration in the neighbor cells as in the camping cell.
Proposal 4	RSSs may be configured to be either collocated to the same time-frequency resource or to use predefined cell specific cell id-to-time-frequency resource mappings.
Proposal 5	For cell specific deployment, allow for predefined RSS deployment within both a narrowband and the carrier for overlapping and non-overlapping deployment, respectively.
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