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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancement for LTE was approved as part of a work item [1]. 
[bookmark: _GoBack]Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]
Related to this agenda, the following agreement was made in RAN1#96bis meeting [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 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.

2. Discussion
In RAN1#94bis meeting, it was agreed that in using RSS for RSRP measurement of neighbor cells, the following RSS parameters are signaled to the UE on a per cell basis.
· 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 values of RSS frequency location (ce-rss-freqPos-config) are integers ranging from 0 to 98, and those of RSS time offset (ce-rss-timeOffset-config) are integers ranging from 0 to 31. Those are two most expensive parameters in terms of signalling overhead. In this contribution, we mainly discuss whether and how the signalling overhead can be reduced for the RSS frequency location which is the most expensive parameter.
2.1 Measurement configuration
Currently, the RSS can be configured in any PRBs within the system BW as shown in the figure below. However, from a UE’s perspective, it would be beneficial if multiple cells involved in intra-frequency measurement configure the frequency location of the RSSs for measurement into one NB (or even the possibility of allowing collisions among multiple RSSs from different CCs can be considered) as it removes the need for NB retuning for measurement. 
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In RAN1 #96bis meeting, two options were proposed by feature lead, based on proposals from companies, for further study until RAN1 #97 meeting. 
· 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.
Observation:
· Option. 1 has the benefit of reducing the signalling OH without limiting RSS deployment flexibility, but at the cost of UE processing burden as it requires UE to search the RSS within certain range(s).
· Option. 2 has the benefit of reducing the signalling OH without increasing UE processing burden, but at the cost of reduced RSS deployment flexibility.

From a manufacturer’s point of view, we would like to avoid searching RSS locations for measurement. If we have to search RSS locations, then we have to seriously think about what we would get instead by reducing the number of signaling bits for RSS measurement. And we may also think about how much gain we would expect by using RSS for measurement. So we prefer option 2 if we have to reduce the number of bits for RSS configurations.  
Proposal 1: To reduce the signalling overhead for RSS frequency location while not increasing the UE processing burden for RSS search, consider restricting the RSS locations by reducing the number of possible RSS locations.

The signalling overhead can be reduced if we can confine the frequency locations of the RSSs for neighbour cell measurement within a certain frequency range (called ‘block’ in the figure below). In the example shown in the figure below, the distance of the RSS frequency location of the neighbour cell from the serving cell is confined within +/- 4 PRBs and the candidate RSS frequency locations are further restricted to even (or odd) RB indices to avoid partial collision among RSSs from neighbour cells. As a result, the number of candidate RSS frequency locations is reduced from 99 (0 to 98) to 5 (0, +/-2, +/-4) reducing the signalling overhead in bits from 9 to 3 (or 2 if we can assume the same frequency location as the serving cell if the frequency location parameter is absent).
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Figure 2 
Alternatively, low resolution signalling without confining the candidate frequency locations within a certain frequency range can also be considered. For example, the placement of the lowest RB index of RSS frequency location is restricted to be every Nth PRBs reducing the number of signalling bits roughly to 1/N times the original ones. However, unless full frequency range within a system bandwidth has to be used for candidate RSS frequency locations, confining the candidate RSS frequency locations within a certain frequency range is preferred as a way of reducing the signalling overhead due to the potential benefit of removing NB retuning during neighbor cell measurements.
Proposal 2: To reduce the signalling overhead for RSS frequency location while not increasing the UE processing burden for RSS search, RSS frequency locations are restricted to X consecutive RBs in frequency domain.
· FFS value X (e.g., X=6 means RSS frequency locations are restricted to 1 NBs in frequency domain)
· FSS whether X is a multiple of 2 to avoid RSS partial overlap in frequency domain
· FFS signaling details
3. Conclusion
In this contribution, we discussed signalling overhead reduction of per-cell RSS configuration parameters for neighbor cell measurement. Our proposals are as follows.

Observation:
· Option. 1 has the benefit of reducing the signalling OH without limiting RSS deployment flexibility, but at the cost of UE processing burden as it requires UE to search the RSS within certain range(s).
· Option. 2 has the benefit of reducing the signalling OH without increasing UE processing burden, but at the cost of reduced RSS deployment flexibility.
Proposal 1: To reduce the signalling overhead for RSS frequency location while not increasing the UE processing burden for RSS search, consider restricting the RSS locations by reducing the number of possible RSS locations.
Proposal 2: To reduce the signalling overhead for RSS frequency location while not increasing the UE processing burden for RSS search, RSS frequency locations are restricted to X consecutive RBs in frequency domain.
· FFS value X (e.g., X=6 means RSS frequency locations are restricted to 1 NBs in frequency domain)
· FSS whether X is a multiple of 2 to avoid RSS partial overlap in frequency domain
· FFS signaling details
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