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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1 #97 meeting, there had the following agreement on use of RSS for measurement improvement [1].
	Working Assumption
Restrict the RSS locations by reducing the number of possible RSS locations

Agreement
Down select and/or combine from the following in RAN1#98 for overhead reduction of the RSS time offset & RSS frequency location:
· Method 1: Reduce the number of possible RSS time offsets and RSS frequency locations
· Method 2: The RSS time offset & RSS frequency location is a function of Cell ID, i.e. no signaling bits required
· Method 3: The restricted RSS locations are dependent upon the Cell ID
· Method 4: The RSS time offset & RSS frequency location is carrier specific
· Method 5: The RSS frequency location of neighbor cells are within a frequency block relative to the RSS frequency location of the serving cell, e.g. the frequency block can be a narrowband
Other methods are not precluded
For further discussion
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.
For further discussion
Study the impact of the UE assuming that the number of CRS ports is carrier specific.


In this contribution, we discuss the overhead reduction of RSS parameters for measurement improvement.
Discussion on overhead reduction of RSS parameters
In previous RAN4 meetings, companies have evaluated the impact of RSS collision on RSS-based RSRP measurement performance. The simulation results in RAN4 [2], [3] show that non-overlapping RSS and overlapping RSS have similar RSRP measurement performance.
Based on the assumption that RSS collision on RSS-based RSRP measurement is negligible, the number of possible RSS time offsets and RSS frequency locations can be reduced or RSS location can be carrier specific. For carrier-specific RSS location, the UE only needs to receive the RSS signals from different neighboring cells in one time-frequency location. Carrier-specific RSS location may be beneficial for UE’s power consumption. However, carrier-specific RSS may be impossible in some systems. In this case, more flexible RSS time offset & RSS frequency location can be considered. A common indicator can be used to tell the UEs whether the RSS time offset & RSS frequency location is carrier-specific. By using 1-bit common indicator, the network can select to support carrier-specific RSS location or more flexible RSS location according to the deployment.
Proposal 1: A common indicator is used to indicate whether the RSS time offset & RSS frequency location is carrier-specific.
Regarding the more flexible RSS frequency location, to reduce the signaling overhead, the RSS frequency location of serving cell and the RSS frequency locations of neighbor cells can be within the same narrowband. If RSS signals for different neighboring cells are located in the same narrowband, the UE can simultaneously do RSS measurement for multiple neighbor cells. The RSS frequency location within the narrowband is a function of Cell ID. A UE can acquire the narrowband that RSS of a neighbor cell locates by the RSS frequency location of the serving cell and get the specific location within the narrowband by Cell ID of the neighbor cell. 
Proposal 2: The RSS of neighbor cells and RSS of the serving cell are in the same narrowband. The RSS frequency location within the narrowband is a function of Cell ID.
For RSS time offset, the total RSS time offset values can be divided into multiple RSS time offset groups. The RSS time offset of serving cell and RSS time offset of the neighbor cells are in the same RSS time offset group. By putting RSS time offset of neighbor cells and RSS time offset of serving cell in the same group, the UE can know the RSS time offset of neighbor cells according to the RSS time offset of serving cell. The signaling overhead can be reduced. Meanwhile, a certain degree of flexibility can be achieved by adjusting the RSS time offset of the serving cell. The rule for RSS time offset group division can be predefined or be signaled to the UEs by system information. For example, if the periodicity of the first subframe of RSS is 320 ms, the RSS time offset can be from 0 to 31 frames. As shown in Figure 1, RSS time offset groups including distributed time offset values with fixed gap  (e.g., {0, 8, 16, 24}, {1, 9, 17, 25},… frames) can be predefined. The specific value within the RSS time offset group can be determined by Cell ID or be indicated by additional signaling. 


Figure 1 RSS time offset group
Proposal 3: The RSS time offset of neighbor cells and the RSS time offset of serving cell are in the same RSS time offset group.
· The rule for RSS time offset group division can be predefined or be signaled to the UEs by system information.
· The specific RSS time offset value within the RSS time offset group can be determined by Cell ID or be indicated by additional signaling.
By using the proposed carrier-specific or more flexible RSS location scheme, if the rule for RSS time offset group division is predefined, only 1 bit is needed to signal whether the RSS location is carrier specific. By keeping a certain degree of configuration flexibility of RSS location, 191 bits can be saved for 16 neighbor cells.
Observation 1: If the rule for RSS time offset group division is predefined, the proposed carrier-specific or more flexible RSS location scheme can save 191 bits for 16 neighbor cells.
The number of CRS ports is cell-specifically configured. Since the number of CRS ports has impact on the ratio of RSS EPRE to CRS EPRE. Assuming that the number of CRS ports is carrier specific may have impact on the performance of RSS-based RSRP measurement. The number of CRS ports is configured by each cell respectively. It is not reasonable to judge the number of CRS ports for each neighbor cells according to the serving cell. 
However, in majority use cases, the number of CRS ports in a given neighbor cell is configured same as that of serving cell. To reduce the signalling overhead, one common indication can be used to indicate whether all neighbor cells have the same number of CRS ports as that of serving cell. If the number of CRS ports in all neighbor cell are same as that of serving cell, there is no need to indicate the number of CRS ports for each neighbor cell. If the number of CRS ports of some neighbor cells are different from that of serving cell, for a given neighbor cell, 1-bit field can be used to indicate whether the number of CRS ports in a neighbor cell is the same as that of serving cell. For example, ‘0’ means same number of CRS ports while ‘1’ means different number of CRS ports. If different number of CRS ports is indicated for a given neighbor cell, additional 1-bit filed is needed for a given neighbor cell to indicate the number of CRS ports different from the serving cell.
For each serving cell
{
Same-number-of-CRSports  BOOLEAN,
Number of CRSports     ENUMERATED {nL, nH}    OPTIONAL, The field is present if the Same-number-of-CRSports is FALSE; otherwise it is not present. Where nL means the lower value of number of CRS ports different from number of CRS ports in the serving cell and nH means the higher value of number of CRS ports different from number of CRS ports in the serving cell
}
For example, if the number of CRS ports in the serving cell is 2, for the neighbor cells with 2 CRS ports, only one bit is needed to indicate the number of CRS ports for each cell. For the neighbor cells with 1 or 4 CRS ports, total 2 bits are needed to indicate the number of CRS ports for each cell. In this case, if nL is indicated, the number of CRS ports in the given neighbor cell is 1, otherwise, the number of CRS ports in the given neighbor cell is 4.
Proposal 4: One common indication is used to indicate whether all neighbor cells have the same number of CRS ports as that of the serving cell.
· If the number of CRS ports of some neighbor cells are different from that of serving cell, for each neighbor cell, one bit field is used to indicate whether the number of CRS ports in the neighbor cell is the same as that of the serving cell. 
· If different number of CRS ports is indicated, additional 1-bit filed is needed for the neighbor cell to indicate the number of CRS ports different from the serving cell (the higher or lower value different from the value of the serving cell).
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: If the rule for RSS time offset group division is predefined, the proposed carrier-specific or more flexible RSS location scheme can save 191 bits for 16 neighbor cells.
Proposal 1: A common indicator is used to indicate whether the RSS time offset & RSS frequency location is carrier-specific.
Proposal 2: The RSS of neighbor cells and RSS of the serving cell are in the same narrowband. The RSS frequency location within the narrowband is a function of Cell ID.
Proposal 3: The RSS time offset of neighbor cells and the RSS time offset of serving cell are in the same RSS time offset group.
· The rule for RSS time offset group division can be predefined or be signaled to the UEs by system information.
· The specific RSS time offset value within the RSS time offset group can be determined by Cell ID or be indicated by additional signaling.
[bookmark: _GoBack]Proposal 4: One common indication is used to indicate whether all neighbor cells have the same number of CRS ports as that of the serving cell.
· If the number of CRS ports of some neighbor cells are different from that of serving cell, for each neighbor cell, one bit field is used to indicate whether the number of CRS ports in the neighbor cell is the same as that of the serving cell. 
· If different number of CRS ports is indicated, additional 1-bit filed is needed for the neighbor cell to indicate the number of CRS ports different from the serving cell (the higher or lower value different from the value of the serving cell).
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