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Introduction
[bookmark: _Hlk20916920]In the Rel-16 WID, one of the objectives is to introduce mobility enhancements by using RSS for measurements [1].
	Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]


[bookmark: _Hlk20916935]With respect to the above objective, the following agreements and working assumptions were made in RAN1 #98bis [2].
	The RSS Frequency Location function is as follows:
· Possible RSS Frequency Locations can only be within legacy Rel-13 narrowbands
· A RSS Frequency Location does not span two narrowbands.
· In each legacy narrowband, there are 3 non-overlapping RSS Frequency Locations
· Network can configure a subset of narrowbands to contain possible RSS
· The subset of narrowbands is common across all cells in the network
· The total number of selected narrowbands that can contain possible RSS is NNB
· The RSS Frequency Location function:
· IRSS = PCID MOD (3NNB)
Where IRSS is the index of possible RSS Frequency Location starting with the lowest location

For the configuration of the NNB narrowbands, following is supported
· A bitmap to indicate the NNB narrowbands. The narrowbands belonging to the central 6 PRBs are excluded.
· By default, all narrowbands, except for the narrowbands belonging to the central 6 PRBs, are selected
· A one-bit indicator indicating RSS colocation (time and frequency domain) in all cells

For the RSS Time Offset ORSS, the RSS time offset is distributed across MRSS as a function of PCID.  The RSS Time Offset function is:
· ORSS = PCID/(3NNB) MOD MRSS
NOTE: Actual Time Offset (in SFN radio frames) = ORSS × GRSS
Where, the granularity of each unit of GRSS = PRSS / (10 MRSS), where GRSS is configurable and is common across all cells in the network
· FFS: value for GRSS 

For each neighbor cell in the Neighbour Cell List:
· Use 3 bits to signal a RSS Power Bias relative to Q_offset, where 1 state is used to indicate that RSS is not used for that neighbor cell. FSS the range

Use RSS of neighbour cells for measurement improvement in Connected Mode:
· Signalling of RSS parameters for UE reported neighbour cells that are NOT in the Neighbour Cell List
FFS: Handling of potential mismatch of UE measurement gaps and RSS periodicity

Introduce a time shift RSS, within two consecutive ORSS steps, so that the actual time offset can be shifted by RSS radio frames, i.e.: 
· The Actual Time Offset = (ORSS × GRSS) +  RSS
· The value RSS can be determined by the UE from the ORSS of the serving cell


As stated in the objective, the objective is to use RSS for unspecified DL RSRP or RSRQ measurements. Serving cell measurements are already feasible and RAN4 has agreed that RSS based measurement can be used for determining the CE mode needed for random access. RAN1’s focus of the objective is to enable UEs to perform neighbor cell measurements with RSS, should RAN4 agree that is beneficial. For that reason, this contribution is written with a focus on neighbor cell measurements.
[bookmark: _Ref178064866]Discussion
Timing grid
RAN1 #98bis agreed that the relation between PCID and timing offset is

where

What remains is to determine GRSS which is configurable. The RSS periodicity, PRSS, affects the timing raster of the RSS in that 160 and 320 ms periodicities has a raster of 1 frame whereas 640 ms periodicity has a raster of 2 frames and 1280 ms periodicity 4 frames. Naturally, the more grid points, in both time and frequency, the less RSS neighbor cell interference. Hence, as many different locations as possible is preferable. This assumes that there is some RSS neighbor cell interference in the first place, which seems not to be the case. Nevertheless, it is the foundation of the non-collocated RSS deployment and should therefore be considered.
[bookmark: _Toc24127455]More timing offsets may be preferable from a neighbor cell interference perspective.
Considering that an RSS starting point is at the start of a frame, and that the shortest RSS duration is less than a frame, a preferable minimum grid is one frame for the cases where that is possible. For longer RSS periodicities, however, the Rel-15 time offset raster is longer than that. For these cases the minimum grid sizes within the allowed time offset raster should instead be selected. In order to do so, GRSS will need to depend on the periodicity.
[bookmark: _Toc24127456]The minimum grid of 1 frame is sufficient to fit the shortest RSS duration without overlap.
However, there are some further constraints that need to be considered. According to previous agreements, it should be possible to use RSS also for UEs in RRC_CONNECTED. In order to do so, timing grids of 40 and 80 ms must be supported for all RSS periodicities. Hence, GRSS should be selected such that timing grids of 40 and 80 ms are supported for all RSS periodicities.
[bookmark: _Toc24127457]To support RRC_CONNECTED, GRSS should be chosen such that 40 ms and 80 ms grids are supported for all periodicities.
Table 1 presents the values of GRSS that takes into account both the RRC_CONNECTED measurement gap periodicities and the RSS time offset raster. For all RSS periodicities, it is possible to define an RSS grid of both 40 ms and 80 ms in addition to having minimal grids allowing for minimal RSS intercell interference.
[bookmark: _Ref23424401]Table 1: Proposed values of GRSS for different RSS periodicities.
	
	PRSS = 160 ms
	PRSS = 320 ms
	PRSS = 640 ms
	PRSS = 1280 ms

	GRSS
	1
	2
	4
	8
	1
	2
	4
	8
	2
	4
	8
	16
	4
	8
	16
	32

	MRSS
	16
	8
	4
	2
	32
	16
	8
	4
	32
	16
	8
	4
	32
	16
	8
	4



[bookmark: _Toc24127460]GRSS is determined based on RSS periodicity according to:
[bookmark: _Toc24127461]PRSS = 160 and 320 ms:	GRSS = 1, 2, 4 and 8,
[bookmark: _Toc24127462]PRSS = 640 ms:		GRSS = 2, 4, 8 and 16, and
[bookmark: _Toc24127463]PRSS = 1280 ms:		GRSS = 4, 8, 16 and 32.
RSS power information
In addition to knowing the time-frequency location of RSSs for different cells, in order to measure the power level, the UE needs also to know the RSS power level of the measured cells. In RAN1 #98bis, it was agreed that for cells in the neighbor cell list, a 3-bit power level indicator will be used for that. However, considering neighbor cell measurements typically do not rely on neighbor cell lists, and the dynamic range of RSS can vary substantially, depending on #CRS ports as well as CRS and RSS power boosting [3], it is desirable that such an indicator is also included for cells not in the neighbor cell list.
[bookmark: _Toc24127458]Neighbor cell measurements typically do not rely on a neighbor cell list.
[bookmark: _Toc24127464]Provision for neighbor cell measurements with RSS also for cells not in the neighbor cell list.
For cells in the neighbor cell list, the 3-bit indicator will define a power bias for the RSS relative to the Q_offset value used for CRS-based measurements. In determining the indicator range, there are two opposing properties to consider:
1. The higher the resolution, the more accurate the measurement, and
2. The lower the resolution, the larger the RSS power range.
[bookmark: _Toc24127459]A higher power resolution implies higher accuracy but a narrower range, and vice versa.
In [4], it was proposed that the range of that indicator should be [-3:2:9] dB. That would capture most of the useful RSS power range with an insignificant ±1 dB error. Assuming a slightly higher error, ±1½ dB, approximately corresponding to approximately one eighth of the expected variations from fading within a cell (5th percentile to 95th percentile implies 11-12 dB difference), the range could be further extended to [-6:3:12]. This would in practice cover the whole useful dynamic range for which RSS is useful.
[bookmark: _Toc24127465]For cells in the neighbor cell list, the RSS power bias relative to Q_offset is [-6:3:12] dB.
For cells not in the neighbor cell list, so far there is no agreement on how to manage different configurations that may impact RSS measurements. Here, two different categories of cell environments may be identified:
1. In a majority of cells, configuration is coherent, i.e., neighbor cells are configured with little differences. Using RSS in this environment would result in reliable and relatively accurate measurements. Included in this category would be, e.g., networks comprising cells with both 2 and 4 CRS ports, or slightly different CRS power boosting. They would result in minor measurement errors that could at least partly be mitigated with the RSS power boosting parameter.
2. In a minority of cells, configuration is noncoherent, i.e., some neighbor cells, or the serving cells, may have deviating configurations. This environment may be found, e.g., if a cell has an extended coverage need compared to its neighbor cells by being deployed on the border between an urban and rural area. For this minority of cells, RSS may be ill-suited for measurements.
From the above we make the conclusion that, to accurately use RSS for measurements on cells not in the neighbor cell list, it is necessary to control when that is allowed or not.
[bookmark: _Toc24127466]Indicate in SI if RSS may or may not be used for neighbor cell measurements on cells not in the neighbor cell list.
A secondary priority is to provide a bias term corresponding to the one agreed for cells in the neighbor cell list. However, transmitting such a bias term will be more difficult since it assumes that all surrounding cells share the same configuration and that the serving cell is the only outlier. This is an unrealistic and likely not very frequent situation. The most common environment is likely that networks mix cells with 2 and 4 CRS ports. (We deliberately omit the 1 CRS port case since that is deemed to be very infrequent.) Since the UE will not know if its neighbor cells have 2 or 4 CRS ports, there will be a systematic measurement error of ±3 dB compared to its serving cell for which it knows the number of CRS ports or compared to cells in the neighbor cell list. However, there is a simple and effective way to reduce the measurement error if the UE instead assumes 3 CRS ports for cells not in the neighbor cell list. This way, the measurement error may be halved to approximately 1.5 dB instead, well within the error margin. Alternatively, the RSS-based measurement may be derived by using an average of the RSRP estimates from using both 2 and 4 CRS ports. The UE may identify the rare exceptions where only one CRS port exists by help of the PresenceAntennaPort1 IE in SI.
[bookmark: _Toc24127467]For cells not in the neighbor cell list, the UE can assume 3 CRS ports when performing measurements or use the average power from assuming 2 or 4 CRS ports, for measurements on RSS if PresenceAntennaPort1 is set.
Additional neighbor cell list information
In addition to the RSS time and frequency location that are made dependent on the cell id, RSS periodicity that is carrier specific and various parameters affecting the RSS power level, it remains to agree on whether the RSS duration should be included in the neighbor cell list or not. Including it would allow the UE to avoid hypothesizing the four different sequences that result from the four different durations. However, considering that the UE is synchronized towards its serving cell, and presumably knows the time offsets among cells, hypothesizing among four hypotheses results in a marginal complexity compared to hypothesizing among a continuous range of time and frequency samples, which is the case when a UE wakes up from an extended sleep period. Hence, we propose not to include RSS duration in the neighbor cell list.
[bookmark: _Toc24127468]RSS duration is not included in the neighbor cell list.
Conclusion
In the previous sections we made the following observations: 
Observation 1	More timing offsets may be preferable from a neighbor cell interference perspective.
Observation 2	The minimum grid of 1 frame is sufficient to fit the shortest RSS duration without overlap.
Observation 3	To support RRC_CONNECTED, GRSS should be chosen such that 40 ms and 80 ms grids are supported for all periodicities.
Observation 4	Neighbor cell measurements typically do not rely on a neighbor cell list.
Observation 5	A higher power resolution implies higher accuracy but a narrower range, and vice versa.

Based on the discussion in the previous sections we propose the following:
Proposal 1	GRSS is determined based on RSS periodicity according to:
PRSS = 160 and 320 ms:	GRSS = 1, 2, 4 and 8,
PRSS = 640 ms:	 GRSS = 2, 4, 8 and 16, and
PRSS = 1280 ms:	 GRSS = 4, 8, 16 and 32.
Proposal 2	Provision for neighbor cell measurements with RSS also for cells not in the neighbor cell list.
Proposal 3	For cells in the neighbor cell list, the RSS power bias relative to Q_offset is [-6:3:12] dB.
Proposal 4	Indicate in SI if RSS may or may not be used for neighbor cell measurements on cells not in the neighbor cell list.
Proposal 5	For cells not in the neighbor cell list, the UE can assume 3 CRS ports when performing measurements or use the average power from assuming 2 or 4 CRS ports, for measurements on RSS if PresenceAntennaPort1 is set.
Proposal 6	RSS duration is not included in the neighbor cell list.
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