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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#96bis, we made the following agreements [5]:
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

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

This contribution discusses some further considerations on overhead reduction in signaling neighbor cells’ RSS parameters.  
2. Discussions
The two most “expensive” RSS parameters are the RSS frequency location (7 bits) and RSS time offset (5 bits), which provide the RSS location for the neighbor cells.  The options proposed in RAN1#96bis [1] to reduce the overhead in these two RSS parameters can be categorized into:
· 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

In Option 1, reducing the resolution of the RSS location (frequency & time offset) allows the network full flexibility in configuring the RSS locations but this would require the UE to search within the signaling resolution of the RSS location for each neighbor cell.  It is argued, in [2], that although there may be a significant number of searches on the RSS location, this is performed rarely, e.g. when the UE is turned on for the first time.  However, this may not be true for UEs that are mobile and would perform such blind search whenever they change cell.  
Observation 1: Reducing the resolution of the neighbor cells’ RSS locations (frequency & time offset) may require the UE to perform searches on their RSS locations whenever the UE changes cell.

Furthermore, it is noted in [3] that the network cannot signal any change to RSS location (frequency and/or time offset) if the change is within the signaling resolution. 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.  One way around this is for the UE to always perform a fresh search for its neighbor cells’ RSS locations whenever there is an SI change indication even if there is no change in the signaled bits for any of the neighbor cells’ RSS locations.
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[bookmark: _Ref4684610]Figure 1: RSS frequency location changes within signalling resolution
Observation 2: 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.

In Option 2, restricting the number of possible RSS locations would avoid any RSS location searches at the UE. For example in a 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.  The RSS locations in the reduced set of possible RSS locations can be configured or can be a function of the Cell ID and system bandwidth [4].  From a UE perspective, restricting the number of possible RSS locations is preferred to reducing the resolution since the restricting approach avoids RSS location searches which would consume UE battery power especially when the UE changes cell.
Proposal 1: In reducing the signalling overhead for the neighbour cells’ RSS parameters, restrict the number of possible RSS frequency locations and RSS time offsets.

Restricting the number of possible RSS locations will reduce the network flexibility in configuring these RSS parameters.  One way to also allow for this flexibility is to introduce a one bit indicator for each neighbour cell where this bit would indicate whether the RSS locations are from a restricted set or from the full set of possible RSS locations.  For example a restricted set of RSS locations uses 4 bits, where 2 bits are for the frequency location and 2 bits are for the time offset.  This indicator will then tell the UE whether 4 bits is used to indicate the RSS location or the full 12 bits are used (i.e. 7 bits for frequency location and 5 bits for time offset).  We expect that in the majority of the cases, the network would use the restricted set thereby giving a net saving in overall signalling bits.  The exact signalling method is up to RAN2.
Proposal 2: Introduce an indicator to indicate whether the RSS locations are from a restricted smaller set of possible RSS locations or from the full set of possible RSS locations for each neighbour cell.  The exact signalling method is up to RAN2. 

In [2], it is suggested that it is likely that most (if not all) of the RSS configurations are common among cells.  Hence, this characteristic can be exploited to further reduce the number of signaling bits.  For example, a single bit can be used for each neighbor cell to indicate whether that neighbor cell uses the same RSS configurations as those in the serving cell.  If a neighbor cell uses different RSS configuration, then this bit would indicate for the UE to further read the exact RSS configurations.  Since most neighbor cells are likely to share the same RSS configurations, then this method would reduce signaling overhead.  We think that such signaling manipulation shall be discussed in RAN2 rather than in RAN1.
Proposal 3: The reduction of RRC signaling overhead by exploiting the possibility that most RSS configurations are common among cells is discussed in RAN2.

3. Conclusion
In this contribution we discuss some considerations in reducing signalling overhead for neighbour cells’ RSS parameters.  We observe the following:
Observation 1: Reducing the resolution of the neighbor cells’ RSS locations (frequency & time offset) may require the UE to perform searches on their RSS locations whenever the UE changes cell.
Observation 2: 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: In reducing the signalling overhead for the neighbour cells’ RSS parameters, restrict the number of possible RSS frequency locations and RSS time offsets.
Proposal 2: Introduce an indicator to indicate whether the RSS locations are from a restricted smaller set of possible RSS locations or from the full set of possible RSS locations for each neighbour cell.  The exact signalling method is up to RAN2. 
Proposal 3: The reduction of RRC signaling overhead by exploiting the possibility that most RSS configurations are common among cells is discussed in RAN2.
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