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Introduction
In the LTE-MTC Rel-16 WID it is decided to implement the use of RSS for measurements according to the following objective [1]:
	Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]


RAN2 #104 agreed on sending RAN1 an LS regarding the substantial overhead neighboring cell RSS information would mean to the network [1]. In this contribution, we address the topics addressed in the RAN2 LS. Ericsson is further addressing the topic in other WGs in the following contributions [3][4].
[bookmark: _Ref178064866]Discussion
The following RSS parameters are signaled to the UE in each cell and the number of bits that are required:
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						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
In addition, it is likely that the RSS power will be depending on the number of CRS ports. Hence, it may be advantageous to also transmit these two additional bits in order for the UE to avoid decoding MIB for all neighbor cells (NC):
number of CRS antenna ports									2 bits
Should all the above parameters be signaled with full resolution also in neighboring cells, up to 18-20 bits are required for each neighboring cell that is signaled. This will clearly add substantial network overhead for the typical idle mode case where up to eight NCs are signaled. As a consequence, UE performance will also be affected in terms of fewer available data resources. It is worth noting that all parameters except two requires only 2 bits why only a marginal gain at best may be gained from them. Hence, the focus below is on the RSS time offset and frequency position.
One alternative is that a reduced network overhead is traded for an increased UE complexity. This is a feasible alternative, in particular for the time offset and frequency position parameters. 
Notably, searching for neighboring cell RSS locations is typically a one-time operation. Once the RSS configuration is known, the UE may store the information instead of performing another search. Providing the information in system information, on the other hand, would be a recurring cost in terms of reduced system performance.
[bookmark: _Toc1042633]The UE power cost for identifying the correct neighboring cell RSS configuration cells is a one-time cost whereas network signaling overhead is a recurring cost.
Another option is to not at all transmit any neighboring cell information about RSS, leaving the UE on its own in detecting the neighboring cell RSS configuration. This is the case for LTE in general and may come at a reasonable cost, in which case it should be carefully considered.
[bookmark: _Toc1042640]UE consequences for non-assisted RSS decoding should be studied.
Assuming some information will be provided, the question is how to provide NC RSS information to UEs. Considering it is a one-time need for the UE, and maybe not even for all UEs, periodic signaling in SI may be unnecessarily costly. On the other hand, mobile UEs would need to enter connected mode in order to acquire NC RSS information. Also, with many deployed devices, dedicated signaling would also be costly in terms of network overhead.
[bookmark: _Toc1042641]Investigate whether any neighboring cell RSS information should be broadcast in SI or unicast in RRC.
Finally, it is likely that the above parameters will imply a significant network overhead. Hence, in a network with mostly stationary devices, which many networks likely will be, or in cells that are not targeting coverage enhanced MTC devices, this functionality will be of limited value. For that reason, the transmission of NC RSS information should in itself be configurable by the network.
[bookmark: _Toc1042642]Any transmission of neighboring cell RSS information is configurable by the network.
Without agreements to these major questions, it is difficult to proceed into more detail. Nevertheless, below is still an attempt to identify how the RSS overhead could be reduced.
Alternatives for reducing RSS overhead
In order to reduce the SI overhead, there are (at least) three different matters to consider:
· Differentiating between carrier specific parameters and cell specific parameters
· Reducing parameter resolution and/or deployment flexibility of cell specific parameters
· Formatting or coding of cell specific parameters, e.g., default settings and deviations from default
While the latter bullet is typically a RAN2 task, the two former ones falls within the realm of RAN1.
The RSS configuration parameters can be differentiated into cell-specific and network specific parameters. Unfortunately, considering the different kinds of cells that exists, for most parameters, a cell specific configurability seems necessary. For example, different RSS durations and power boost levels may be desirable in order to achieve different coverage levels. In particular, not all cells may be configured to provide CE level B whereas it may be important for some. Regarding inter-cell RSS resource utilization, many different schemes may be envisioned, including variations in both time and frequency, why these parameters need at least some cell specific configurability.
[bookmark: _Toc1042634]Some cell specific configurability is desirable for most parameters.
With respect to the above observation, full configurability is likely not necessary. The problem here is to understand at this early point in time how different networks will be configured with RSS. For that reason, more flexibility is likely preferable to less configurability. One parameter that likely may be configurable on a network level is the periodicity. For, e.g., measurement reasons it would be beneficial to keep aligned throughout the network.
[bookmark: _Toc1042635]RSS periodicity may likely be configured on a network level.
Reduced parameter resolution
While there are advantages and disadvantages with all the above presented options, the option that would allow saving some bits of data while implying a marginal UE overhead is to reduce the parameter resolution. This would require UEs to use a search space for detecting neighboring cell RSSs, but it is an operation that would only need to be done once per cell. Furthermore, it may be possible to introduce best practices of the RSS locations, restricting the typical RSS configuration, such that UEs may easily detect RSS in neighboring cells without any additional complexity.
[bookmark: _Toc1042636]A reasonable tradeoff between network overhead and UE power consumption is to reduce the parameter resolution of the time and frequency parameters in neighboring cells.
Timing and frequency information
For most UEs, in particular the ones in deep coverage, a high level of stationarity can be expected. Even for mobile UEs, most of them are likely to travel along the same paths. Hence, identifying NC RSS properties is a task that is performed infrequently. Nevertheless, network synchronization or cell search are one of the computationally most expensive operations in a UE. This is based on long correlation sequences and multiple hypotheses due to timing and frequency errors. However, RSS is still relatively inexpensive compared to cold start PSS and SSS detection. Furthermore, the UE is in sync when searching for its neighboring cells, significantly reducing the number of hypotheses and thereby power consumption. This allows for the UE to instead simultaneously search for multiple RSSs, not only time and frequency locations but also different cells.
Related to the detection complexity is also synchronicity among eNBs. LTE eNBs are synchronized towards the network with an accuracy of maximum 50 ppb and often much better than that. Long term, there is no drift at all. This is required in TDD but also for MBSFN in FDM. This implies that UE complexity in detecting NC RSS is substantially reduced, since the UE only needs to hypothesize over a few time samples, corresponding to path differences among cells, around every RSS onset. The available processing power may instead be used for searching for RSS in multiple time or frequency locations or from different cells. 
An approximate UE power cost partition is that the radio and baseband have equal costs for reception. Hence, by simultaneous searching for RSS at multiple time, frequency and sequences, substantial power reductions may be achieved. Off-line processing would then be an alternative for lower complexity devices.
[bookmark: _Toc1042637]UE power consumption can be limited by performing simultaneous hypothesizing over time, frequency and cells.
Frequency location
For the frequency search space that would result from a reduced parameter resolution, it is worth noting that the UE may attempt to simultaneously detect RSS at five frequency locations within a NB. Considering that a large part of the power consumption can be derived from the radio, the cost for attempting to detect RSS at 5 frequency positions within one narrowband is substantially lower. Also, since the UE is already synchronized, additional frequency hypotheses for neighboring RSSs are unnecessary. 
To assess the acceptable NC RSS complexity, a reasonable comparison is with the case where a UE wakes up from deep sleep with a maximum frequency error of ±5 kHz. Table 1 compares the complexity of this case to the NC RSS search for a synchronized UE for a given RSS time location. Based on the assumptions in the table, it is evident that NC RSS search is well in line with the complexity of standard RSS operations.
[bookmark: _Ref617314]Table 1: Complexity comparison between deep sleep RSS sync and NC RSS search.
	
	RSS deep sleep sync (±5 kHz)
	NC RSS search

	Number of frequency hypotheses
	40
	5

	Number of sequences
	1
	6

	Timing uncertainty
	>> 1 CP
	A few CPs


[bookmark: _Toc1042638]Searching for all neighboring cell RSSs within a NB seems feasible regarding UE complexity.
Time offset
For the time search space, the time offset indicates the start of the RSS. Considering that the RSS may be up to 4 frames long, the case with the highest complexity will thus require hypothesizing four simultaneous starting positions. Considering the timing uncertainty in Table 1, that seems feasible from a complexity perspective. Hence, timing information may be highly quantized, and the UE will still manage to search the whole NB at least within a fraction of an RSS period.
[bookmark: _Toc1042639]Neighboring cell RSS time offset information can be highly quantized.
Reduced deployment flexibility
The above section describes the “traditional” signaling approach, i.e., all configuration data is transmitted, possibly with a reduced number of bits. This is likely needed in order to cover all possible deployment scenarios. However, it may be expected that most cells will share many configuration properties such that the traditional approach becomes unnecessarily conservative and costly. Below a few possibilities of extra configuration parameters for such deployments are presented, that would, in turn, allow a much shorter cell list requiring greater flexibility by transmitting all parameters without implying a substantially increased UE detection complexity.
As a trade-off between deployment flexibility and UE detection complexity, the reduced deployment flexibility will reduce the UE detection complexity, albeit not completely minimize it:
Similar frequency location as serving cell (SC), implying NC RSSs are co-located in the same NB.
Similar timing offset as SC, implying the timing offsets of NC RSSs can be expected to be in the same ¼ of an RSS period.
For the parameters that are only configurable with two bits from the start, less flexibility may be tolerated:
Same duration as SC, i.e., NC RSSs have the same RSS duration.
Same RSS power boost as SC, i.e., NC RSSs have the same RSS power configuration.
Same number of CRS ports as SC, i.e., neighboring cells have the same number of CRS ports.
Although all cells may not share all the above properties, many likely will. Hence, by using an ordered list of all NCs, all contingent commonalities above could be indicated for each NC. Considering six NCs, that would imply six bits for each property:

Considering the above deployment constraints, the RSS configuration of an eNB that is configured accordingly would only consume 5 bits, one bit indicating adherence to the SC configuration or not, instead of the 20 bits that were the starting point, disregarding the cell id list.
NC RSS configurations not adhering to the SC for some or all RSS configurations, would need to be signaled in another way, or not signaled at all. However, in most cases that list would contain only a fraction of all configurations, presumably a much shorter list.
[bookmark: _Toc1042643][bookmark: _Hlk511567]Separately indicate NC RSS configurations that are similar or equal to that of the SC.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The UE power cost for identifying the correct neighboring cell RSS configuration cells is a one-time cost whereas network signaling overhead is a recurring cost.
Observation 2	Some cell specific configurability is desirable for most parameters.
Observation 3	RSS periodicity may likely be configured on a network level.
Observation 4	A reasonable tradeoff between network overhead and UE power consumption is to reduce the parameter resolution of the time and frequency parameters in neighboring cells.
Observation 5	UE power consumption can be limited by performing simultaneous hypothesizing over time, frequency and cells.
Observation 6	Searching for all neighboring cell RSSs within a NB seems feasible regarding UE complexity.
Observation 7	Neighboring cell RSS time offset information can be highly quantized.


Based on the discussion in the previous sections we propose the following:
Proposal 1	UE consequences for non-assisted RSS decoding should be studied.
Proposal 2	Investigate whether any neighboring cell RSS information should be broadcast in SI or unicast in RRC.
Proposal 3	Any transmission of neighboring cell RSS information is configurable by the network.
Proposal 4	Separately indicate NC RSS configurations that are similar or equal to that of the SC.
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