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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1 #94 meeting, there had the following agreement on use of RSS for measurement improvement [1].
	Agreement
From RAN1 perspective, it is feasible to use RSS for measuring RSRP for cells at least for IDLE mode mobility
· RAN1 to identify the related parameters in the next RAN1 meeting


In RAN1 #94bis meeting, there had the following agreement on use of RSS for measurement improvement [2].
	Agreement
In using RSS for measuring RSRP of neighbour cells, the following parameters are signalled to the UE for each cell:
· ce-rss-periodicity-config: RSS periodicity {160, 320, 640, 1280} ms
· ce-rss-duration-config : RSS duration {8, 16, 32, 40} subframes
· ce-rss-freqPos-config: RSS frequency location (lowest physical resource block number)
· ce-rss-timeOffset-config: RSS time offset in number of radio frames
· ce-rss-powerBoost-config : RSS power offset relative to LTE CRS {0, 3, 4.8, 6} dB
The parameters related in the use of RSS for measuring RSRP of cells are signalled in the SI.
Send LS R1-1811934 to RAN4:
· Request to evaluate the benefits and feasibility of using RSS for RSRP measurements compared to using LTE CRS
· For measurement purposes, assess the benefits and feasibility of linking RSS to CRS


In RAN1 #96 meeting, there had the following agreement on use of RSS for measurement improvement [3].
	The draft LS is approved in R1-1903659:
· RSS periodicity can be considered as a carrier specific parameter, hence it may be omitted from neighbor cell RSS configuration signaling.
· RAN1 expects most cells to have common or similar configurations for most parameters. Parameter commonality or similarity between serving cell and neighbor cell(s) may be exploited to reduce the required number of bits.
· RAN1 will study whether and how to reduce the overhead from the two most expensive parameters, time offset and frequency location. Depending on the study, this could be done, e.g., by making one or both of them carrier specific or by reducing their resolution.


In RAN1 #96bis meeting, there had the following agreement on use of RSS for measurement improvement [4].
	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
Support the indication of the number of CRS ports for each neighbor cell in signaling the neighbor cells’ RSS parameters.
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.
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 signalling resolution; and then UE searches for exact RSS location
· The reduced signalling 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 discuss the overhead reduction of RSS parameters for measurement improvement.
Discussion on overhead reduction of RSS parameters
In last meeting, it was agreed to prioritize the works on parameter ce-rss-freqPos-config (lowest physical resource block number, 7 bits) and ce-rss-timeOffset-config (RSS time offset in number of radio frames, 5 bits). For reducing the signaling bits of these two parameters, the following two options were discussed:
· Option 1: Reduce the signalling resolution; and then UE searches for exact RSS location
· Option 2: Restrict the RSS locations by reducing the number of possible RSS locations
[bookmark: _GoBack]For Option 1, if signalling resolution of RSS time offset is reduced from 5 bits to 3 bits, the UE cannot get the accurate information of RSS time offset and should blindly detect the starting position of RSS signal in a relatively larger time window. For RSS frequency location, if narrowband index is signalled instead of lowest physical resource block number, the signalling overhead can be reduced from 7 bits to 4 bits. In this case, the parameter of RSS location can be configured with fully flexibility and the accurate lowest resource block within the narrowband should be blindly detected by the UE. If the RSS frequency location is changed within a narrowband or the RSS time offset is changed within the signalling time range, there is no need to signal the change and the UE can blindly detect the accurate RSS location of neighboring cells. Since the blind detection of RSS frequency location is within a narrowband and the blind detection of RSS time offset is within a relatively larger time window, the impact on UE complexity and UE power consumption is minor. Adjusting the RSS location in a small range cannot bring significant performance gain. Generally, to improve the RSS performance, the RSS location of neighboring cells would be change in a relatively large range. In this case, the UE can be signalled the change of RSS location of neighboring cells.
Observation 1: By reducing the signalling resolution, considering that the blind detection of RSS frequency location is within a narrowband and the blind detection of RSS time offset is within a relatively larger time window, the impact on UE complexity and UE power consumption is very minor.
For Option 2, the RSS configuration flexibility would be reduced by reducing the number of possible RSS locations. RSS resources of different cells may be overlapped. In this case, the collision possibility of RSS resources of neighboring cells would be increased. Accordingly, the synchronization performance based on RSS signal would be worsened. Considering the key intention of introducing RSS is for resynchronization and measurement improvement based on RSS is only a supplementary function, it is unacceptable to reduce the RSS configuration flexibility and degrade the RSS resynchronization performance. In addition, the RSS power of serving cell is much larger than RSS power of other neighboring cells due to near-far effect, then RSS detection of other neighboring cells may be difficult.
Observation 2: By reducing the number of possible RSS locations, the RSS configuration flexibility would be reduced and the possibility of RSS resource collision may be increased. Accordingly, due to near-far effect, the RSS synchronization performance would be reduced. 
Based on above analysis, Option 1 has no impact on RSS synchronization performance and the impact on UE power complexity and UE power consumption is minor. However, Option 2 would reduce the RSS synchronization performance due to increased RSS collision and interference. For measurement improvement purpose, it is more acceptable to use Option 1 instead of Option 2.
Proposal 1: If the overhead of RSS frequency location and RSS time offset need to be reduced, it is proposed to keep the configuration flexibility and reduce the signalling resolution.
· RSS time offset is indicated by relatively larger time range
· RSS frequency location is indicated by the narrowband index instead of the lowest PRB index. 
 Conclusions
In this contribution, we have discussed the overhead reduction of RSS parameters for measurement improvement. We make the following observations and proposals:
Observation 1: By reducing the signalling resolution, considering that the blind detection of RSS frequency location is within a narrowband and the blind detection of RSS time offset is within a relatively larger time window, the impact on UE complexity and UE power consumption is very minor.
Observation 2: By reducing the number of possible RSS locations, the RSS configuration flexibility would be reduced and the possibility of RSS resource collision may be increased. Accordingly, due to near-far effect, the RSS synchronization performance would be reduced.
Proposal 1: If the overhead of RSS frequency location and RSS time offset need to be reduced, it is proposed to keep the configuration flexibility and reduce the signalling resolution.
· RSS time offset is indicated by relatively larger time range
· RSS frequency location is indicated by the narrowband index instead of the lowest PRB index. 
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