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Introduction
The Rel-16 WID on using RSS for cell measurements has the following objective:
Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]

In RAN1#98bis, the following agreements were made:
Agreement
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

Agreement 
· 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

Agreement
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 

Agreement
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

Agreement 
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

Agreement
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

In this contribution, we continue discuss the remaining issues for using RSS for neighbouring cell measurement.
RSS Time Offset Granularity (GRSS)
The RSS time offset, i.e. ORSS in number of radio frames, is agreed to distribute across MRSS as a function of PCID with MRSS = PRSS / (10 GRSS) where the granularity GRSS is configurable. 
In Rel-15, the granularity of the time offset GRSS depends on the periodicity PRSS, i.e.:
· GRSS = 1 radio frame for PRSS = {160 ms, 320 ms}
· GRSS = 2 radio frames for PRSS = 640 ms
· GRSS = 4 radio frame for PRSS = 1280 ms
If the Rel-15 GRSS is reused, then the minimum time spacing between two RSSs is fixed for each PRSS periodicity with one value from {10ms, 20ms, 40ms}. This may not be desired in some cases, e.g. for accommodating the measurement gap of 40ms or 80ms. The GRSS is configurable to allow a different time spacing between two RSSs for configuration flexibility. Therefore, we propose the following table for the granularity GRSS. For backward compatibility, the value of GRSS shall not make MRSS exceeding 32. Also, to support co-location of the RSSs of all the neighboring cells, one configurable value shall be equal to the periodicity. 
Proposal 1: For each RSS periodicity, the granularity GRSS is configurable according to Table 1

Table 1: Configurable GRSS based on the periodicity PRSS
	PRSS
	GRSS

	160ms
	[bookmark: _GoBack]1, 4, 8 and 16

	320ms
	1, 4, 8 and 32

	640ms
	2, 4, 8 and 64

	1280ms
	4, 8, 16 and 128



RSS Duration
In Rel-15, RSS duration is signaled by 2 bits with a value from {8, 16, 32, 40} subframes. From signaling perspective, it is not costly to have a full signaling for the neighboring cells in the Neighbor Cell List. Further restriction, e.g. using common signaling for all the neighboring cells, will degrade the RSS performance. Hence it is proposed that for each neighbour cell in the Neighbour Cell List, the RSS duration is signalled fully using 2 bits.
Proposal 2: For each neighbour cell in the Neighbour Cell List, the RSS duration {8, 16, 32, 40} subframes is signalled using 2 bits.
For detected neighbour cells that are NOT in the Neighbour Cell List, it was proposed that the UE can assume the shortest RSS duration of 8 subframes [3]. However, it may not work since time domain cover code of RSS is dependent on the RSS duration. It is not possible to use a cover code of the RSS duration of 8 subframes to detect the RSS with a duration of {16, 32, 40} subframes. Since how to measure neighbor cells that not NOT in the Neighbour Cell List is a UE implementation issue, we don’t think it is necessary to define a default RSS duration for this case.
Proposal 3: A default RSS duration is not defined for UE to measure neighbor cells that are NOT in the Neighbour Cell List.
Number of CRS ports
In order to use RSS for neighbour cell measurement, the UE is required to know the number of CRS ports in neighbour cell. The number of CRS ports information cannot be assumed to be carrier specific; otherwise there would be a deviation for the measurement to the actual transmission power.  
In [3], it is proposed to derive the number of CRS ports from decoding PBCH of neighbour cells. In such case, signalling of the number of CRS ports can be avoided to save the overhead. It shall be noted that decoding PBCH is not the legacy behaviour for cell reselection. It is difficult especially for UE in a very low SNR regime to take long time for PBCH detection, thus costing additional power consumption.
[bookmark: _Hlk4762514]Proposal 4:  The number of CRS ports per neighbour cell is not derived from PBCH decoding.
RSS power offset
The RSS transmit power, i.e., RSS EPRE, is defined relative to CRS EPER for a given cell as:

where
powerBoost is configured by the higher layers (possible values ) 
 is the number of CRS ports used by the cell, 
 and  is about the power-boost level of the CRS in the cell, based on the parameter     
Table 2 shows the possible values of relative RSS EPRE w.r.t CRS EPRE of the same neighbor cell. The power offset is cell-specific and in the range of [-10, +12]dB.It is worth noting that  knowing the number of CRS ports alone is not sufficient to estimate the RSS power. For a complete view of the RSS EPRE of the neighbor cell, the 48 combinations across  need to be signaled, which takes 6 bits. 
In the current specifications, in the neighbor cell list, there is a Qoffset configuration per neighbor cell, which is used for RSRP/RSRQ estimation for cell ranking. This Qoffset already indicates the CRS EPRE of the neighbor cell w.r.t the CRS of the serving cell. As a result, it is sufficient to only indicate the RSS EPRE of the neighbor cell w.r.t the neighbor cell’s CRS, for the UE to be able to accurately use the RSS of the neighbor cell for performing measurements. This has the advantage that only a smaller range of values need to be indicated (i.e., only the range of values indicated in Table 1 below). To that end, on top of Qoffset, we introduce the RSS offset, indicating the RSS ERPE relative to the CRS ERPE per neighbor cell. Moreover, for certain ratios of  , e.g., , it means high CRS power boosting corresponding to very lower RSS ERPE, which results in relatively inaccurate RSS-based measurement. Therefore, it would be more useful to indicate RSS offset within a limited range, e.g., [-4,6] dB. The remaining one entry of the 3-bit signalled entity can be used to indicate that the RSS is not used for performing measurements. 0dB is also useful for equal RSS EPRE is same as that of CRS EPRE.
Table 2: RSS ERPE relative to CRS EPRE
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	0
	1    
	1    
	1    
	0.00
	3.00
	4.80
	6.00
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	 2/5
	 2/5
	-3.98
	-0.98
	0.82
	2.02

	2
	 1/3
	 1/5
	 1/5
	-6.99
	-3.99
	-2.19
	-0.99
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	0
	1    
	1.25
	2    
	3.01
	6.01
	7.81
	9.01
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	 1/2
	1    
	0.00
	3.00
	4.80
	6.00

	2
	 1/3
	 1/4
	 1/2
	-3.01
	-0.01
	1.79
	2.99
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	 1/4
	 1/8
	 1/4
	-6.02
	-3.02
	-1.22
	-0.02
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	0dB
	3dB
	4.8dB
	6dB

	0
	1    
	1.25
	4    
	6.02
	9.02
	10.82
	12.02

	1
	 1/2
	 1/2
	2    
	3.01
	6.01
	7.81
	9.01

	2
	 1/3
	 1/4
	1    
	0.00
	3.00
	4.80
	6.00

	3
	 1/4
	 1/8
	 1/2
	-3.01
	-0.01
	1.79
	2.99



Agreement
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
So for the range, based on the analysis above, we propose
Proposal 5:  3-bit RSS Power Bias relative to Q_offset per neighbour cell is defined as {no RSS-based, -4, -3, -1.5, 0, 1.5, 3, 6}.

Summary
Proposal 1: For each RSS periodicity, the granularity GRSS is configurable according to Table 1
Proposal 2: For each neighbour cell in the Neighbour Cell List, the RSS duration {8, 16, 32, 40} subframes is signalled using 2 bits.
Proposal 3: A default RSS duration is not defined for UE to measure neighbor cells that are NOT in the Neighbour Cell List.
Proposal 4:  The number of CRS ports per neighbour cell is not derived from PBCH decoding.
Proposal 5:  3-bit RSS Power Bias relative to Q_offset per neighbour cell is defined as {no RSS-based, -4, -3, -1.5, 0, 1.5, 3, 6}.
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