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1. Introduction
At the RAN1#86 meeting a LS from RAN2 was received seeking RAN1 guidance on reducing the size of the parameters broadcasted to provide neighbour cell RSS information.

In response RAN1 indicated the following in its LS response:

RAN1 has discussed RSS based measurements signaling and has the following reply.

· RSS periodicity can be considered as a carrier specific parameter, hence it may be omitted from neighbor cell RSS configuration signaling.

· RAN1 expects most cells to have common or similar configurations for most parameters. Parameter commonality or similarity between serving cell and neighbor cell(s) may be exploited to reduce the required number of bits.

· RAN1 will study whether and how to reduce the overhead from the two most expensive parameters, time offset and frequency location. Depending on the study, this could be done, e.g., by making one or both of them carrier specific or by reducing their resolution.

Agreements made for this objective in RAN1 up to and including RAN1#98, can be found in references [2].

From RAN1#98-bis we have the additional agreements:

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 discuss the remaining RSS open issues and from those discussions we provide some observations and proposals.
2. Discussion
From RAN1#98-bis there is an open issue relating to the scaling of the function defined to derive the time offset of the RSS.
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 

Ignoring the additional system offset defined, Orss defines the initial time offset for the RSS for a given cell id.   From the main equation we can see that there are potentially Mrss unique offsets due to the MOD function, and assuming consecutive PCID numbers, that the PCIDs within the same narrowband share the same initial time offset.  For 3 consecutive PCIDs sharing the same narrowband, orthogonality between these RSSs is maintained but the frequency offset calculation, IRSS = PCID MOD (3NNB), which ensures consecutive cell IDs are on different PRBs.  However, on narrowband limited configurations, e.g. a single Narrowband, there will be RSSs sharing the same frequency resources.
Observation 1:   
If #PCID > 3NNB, there will be RSSs sharing the same frequency resources, irrespective of Mrss.
Given observation 1, RSSs will start to use the same frequency resource as soon as there are more than 3 cell ids, for a single narrowband system, and more than 45 cell ids for a maximum 16 narrowband system (centre narrowband excluded).
If we want to maintain complete orthogonality of RSSs for cells sharing the same the frequency resource offset, i.e. for cells with cellId = x and cellid = x+3NNB, then the cells respective RSS time offsets should be sufficiently far apart to avoid any overlap given the maximum RSS duration of 40 subframes.  
Observation 2:  
Unless Mrss is greater than 4, there will be the chance of overlap in the time domain between the RSSs of 2 cells sharing the same frequency resources.
If we want a unique time offset for every narrowband, then given a maximum of 15 narrowbands ( the centre narrowband is not used leaving only 15 narrowbands), Mrss should be greater than 45.  

Observation 3:   
If a unique time offset is required for all narrowbands, then a value of Mrss greater than 45 is required.

Whilst the FFS in the above agreement is for the Grss, we feel it should really be for the Mrss, as the Grss, effectively the gap between offsets, is derived from the Mrss
Proposal 1:   
Mrss, not Grss, is used as the parameter that determines the RSS time offset.
Given the above observations, a potential range for Mrss could be {1, 2, 4, 8, 16, 32, 64}
Proposal 2:
Mrss can take a value from the range {1, 2, 4, 8, 16, 32, 64}
From RAN1#98-bis there is an open issue relating to the handling of the mismatch between the UE measurement gaps and RSS periodicity.
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
In our view, given the number of permutations of RSS periodicity, duration and the limited gap configuration options for the current LTE specific measurement gaps, there is a high probability of measurement gaps occurring where there is no or insufficient RSS present to aid measurement.  Note, in our opinion, RAN4 is better placed to quantify what amount of RSS is required to for the UE to make a useful measurement.
Whilst we recognise the possibility of mismatch between gaps and RSS, we do not see the need for enhancements to the existing measurement gap definitions to improve RSS usage for measurement in connected mode for the following reasons:

1. If RSS usage during connected mode is considered important, then the time and frequency offsets configuration mechanisms already support enough flexibility to be optimised to fit within existing measurement gaps. (e.g.  via the co-location option)
2. The UE can rely on legacy methods to take measurements for cells where the measurement gap misses the RSS.

Observation 4:
Existing RSS configuration options can be used to fit the RSS within existing measurement gaps during connected mode.
Proposal 3:
No new optimisations are considered to measurement gaps and/or the RSS, to improve the use of RSS with existing measurement gaps.  

3. Conclusion

In this contribution we have discussed the remaining RSS open issues and from those discussions we have the following observations and proposals.
Observation 1:   
If #PCID > 3NNB, there will be RSSs sharing the same frequency resources, irrespective of Mrss.

Observation 2:  
Unless Mrss is greater than 4, there will be the chance of overlap in the time domain between the RSSs of 2 cells sharing the same frequency resources.

Observation 3:   
If a unique time offset is required for all narrowbands, then a value of Mrss greater than 45 is required.

Observation 4:
Existing RSS configuration options can be used to fit the RSS within existing measurement gaps during connected mode.

Proposal 1:   
Mrss, not Grss, is used as the parameter that determines the RSS time offset.

Proposal 2:
Mrss can take a value from the range {1, 2, 4, 8, 16, 32, 64}

Proposal 3:
No new optimisations are considered to measurement gaps and/or the RSS, to improve the use of RSS with existing measurement gaps.  
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