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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
RAN2 has requested RAN1 to reduce the overhead when signaling neighbor cells’ RSS parameters in an LS in [1].  In response to the RAN2 request, RAN1 concluded the following in the reply LS [2]:
· 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.
This contribution discusses the reduction of the two most expensive RSS parameters.  

2. Discussions
In Rel-15, the RRC layer RSS parameters and their size in bits for the serving cell are:
· ce-rss-periodicity-config: RSS periodicity {160, 320, 640, 1280} ms: 2 bits
· ce-rss-duration-config: RSS duration {8, 16, 32, 40} subframes: 2 bits
· ce-rss-freqPos-config: RSS frequency location (lowest physical resource block number): 7 bits
· ce-rss-timeOffset-config: RSS time offset in number of radio frames: 5 bits
· ce-rss-powerBoost-config: RSS power offset relative to LTE CRS {0, 3, 4.8, 6} dB: 2 bits
The RSS parameters have a total of 18 bits.  Since RAN1 concluded that the RSS periodicity does not need to be signaled as it is carrier specific, the total number of bits required to signal the RSS parameter for each neighbor cell is reduced to 16 bits, which does not reduce the total size much.  Hence, it proposed in [2] to reduce the overhead of the two most expensive parameters, namely the RSS frequency location (7 bits) and RSS time offset (5 bits).  Example proposals include making these two parameters carrier specific or reducing their resolution.
RSS frequency location & RSS time offset are parameters determining the location of the RSS.  If the RSS location is common among all cells, e.g. by making them carrier specific, then they would cause inter-cell interference.  The SI resources, such as SIB1-BR, are different among different cells and hence, making RSS location common would restrict the scheduling of RSS.  Hence it would therefore be beneficial to allow some flexibility in RSS location among different cells.
Observation 1: Making the RSS location (RSS frequency location & RSS time offset) carrier specific reduces the scheduling flexibility of RSS and introduces inter-cell interference among RSS transmissions.

Reducing the RSS location resolution, reduces the number signaling bits but will require the UE to search for the exact RSS location within a search space [3].  This may be acceptable for a small number of neighbor cells but it can consume a lot of time for larger number of neighbor cells and also increase UE power consumption for initial RSS location determination.  Another issue is that the network cannot signal a change in RSS location if the change is within the resolution of the signaling.  For example in Figure 1, the RSS at time t1 is located between frequency f2 & f3 and the RSS frequency location is 6 PRBs.  If the RSS frequency location is changed from f2 & f3 to f1 & f2, that is within the signaling resolution, then the network cannot signal the new RSS frequency location.  The UE would then consistently search in the wrong RSS location.

[image: ]
[bookmark: _Ref4684610]Figure 1: RSS frequency location changes within signalling resolution
Observation 2: Reducing the resolution of the RSS location can consume significant amounts of time in searching for the neighbour RSS and increase UE power consumption especially for a large number of neighbour cells.
Observation 3: In a reduced RSS location resolution, the network cannot signal a change in RSS location if the RSS location change is within the signalling resolution.

Another method is to reduce the number of RSS location that can be signalled.  For example in 20 MHz system bandwidth (100 PRBs) there are 99 possible RSS frequency locations.  This can be reduced to 4 possible RSS frequency locations thereby reducing the number of bits from 7 bits to 2 bits.  This would allow some flexibility in scheduling the RSS and not consume significant numbers of bits.  Since the exact RSS location is signalled, this avoids requiring the UE to blindly search for the exact RSS location.
Proposal 1: Reduce the number of possible RSS frequency locations and RSS time offsets to a smaller set and signal only the locations within this set.

If any neighbour cell needs to use an RSS location that is different from those within the smaller set of locations, then an indicator (which can be one of the states in the RSS frequency locations or RSS time offsets) can be used to tell the UE whether a restricted and smaller set of RSS locations is used or the full set (i.e. Rel-15) of RSS locations is used.
[bookmark: _GoBack]Proposal 2: An indicator can be used to indicate whether the RSS locations are from a smaller set of locations or the full set of locations for each neighbour cell. 

3. Conclusion
In this contribution we discuss the methods in reducing overhead in signalling neighbour cells’ RSS parameters.  We observe the following:
Observation 1: Making the RSS location (RSS frequency location & RSS time offset) carrier specific reduces the scheduling flexibility of RSS and introduces inter-cell interference among RSS transmissions.
Observation 2: Reducing the resolution of the RSS location can consume significant amounts of time in searching for the neighbour RSS and increase UE power consumption especially for a large number of neighbour cells.
Observation 3: In a reduced RSS location resolution, the network cannot signal a change in RSS location if the RSS location change is within the signalling resolution.

We therefore propose the following:
Proposal 1: Reduce the number of possible RSS frequency locations and RSS time offsets to a smaller set and signal only the locations within this set.
Proposal 2: An indicator can be used to indicate whether the RSS locations are from a smaller set of locations or the full set of locations for each neighbour cell. 
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