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1 Introduction
At last meeting, following agreements were made with regard to measurement conditions for RSS based RSRP measurements in IDLE and CONNECTED mode [5]:
	· Conditions for RSS based RSRP measurement in IDLE mode serving cell measurements:
· if the RSS of serving cell  share the same NB as that of paging occasion MPDCCH for [image: image2.png]


 successive DRX cycles, and
· at least two RSS subframes exists immediately before the first subframe of paging occasion MPDCCH, for [image: image4.png]


 successive DRX cycles
· FFS on at least two subframes exists immediately after the last subframe of paging occasion  
· (FFS: min/max distance of start/end of RSS occasion w.r.t end/start of MPDCCH), and
· RSS power offset with respect to CRS is equal to or greater than 0 dB, and 
· RSS-based measurement period is not longer than CRS-based measurement period, definition of measurement period in IDLE mode will be discussed further in 2nd round.
· Conditions for RSS based RSRP measurement in IDLE mode neighbor cell measurements:
· RSS power offset with respect to CRS is equal to or greater than 0 dB, and 
· at least two RSS subframes exists immediately before the first subframe of paging occasion MPDCCH, for [image: image6.png]


 successive DRX cycles
· FFS on at least two subframes exists immediately after the last subframe of paging occasion  
· (FFS: min/max distance of start/end of RSS occasion w.r.t end/start of MPDCCH), and
· FFS on whether the UE is expected perform concurrent measurements on CRS and RSS. 

· FFS on RSS from neighbour cell is within same 2-RB layer as serving cell RSS
· Measurement delays in IDLE:
· RSS-based measurement period is not longer than CRS-based measurement period
· Nserv as measurement period for serving cell
· Whether to use Tmeasure or Tevalute is FFS  for neighbour cells.
· Measurements in CONNECTED mode
· RSS power offset with respect to CRS is equal to or greater than 0 dB
· RSS can colllide with measurement gap, but UE is not expected do any RSS measurement within the gap. Instead the UE can measure in the subframes before and after the gap.

· RSS measurement accuracy requirements are to be specified by averaging the simulation results (excluding RF margin) and a fixed RF margin is added on top. 

· For the RF margins, following options are under consideration:

· Non-BL UE


· 2.5 dB

· BL UE

· Option 1: 3 dB

· Option 2: 4 dB




In this contribution we discuss and provide our view on the open issues, more importantly on those issues which are related to the core-part for which the RAN4#95 is the last meeting. 
2 Discussion 
IDLE mode serving cell measurements:

The open issues of IDLE mode serving cell measurement conditions include:
	· at least two RSS subframes exists immediately before the first subframe of paging occasion MPDCCH, for [image: image8.png]


 successive DRX cycles
· FFS on at least two subframes exists immediately after the last subframe of paging occasion  
· (FFS: min/max distance of start/end of RSS occasion w.r.t end/start of MPDCCH), and


The UE performs the RRM measurement prior to receiving the paging message, and thus it was agreed that two subframes containing the RSS shall be provided prior to paging reception. In our view, the two RSS subrames should be provided at subframes n-1 and n-2 when paging starting frame is at subframe n. We don’t see any need have any measurement conditions on the placement of RSS after the paging reception from a measurement perspective. 
· Proposal #1: At least two RSS subframes (n-1, n-2)  shall be provided before the start of paging reception at subframe n. 
· Proposal #2: No need to put any conditions on RSS presence in subframes after the paging reception. 
IDLE mode neighbor cell measurements:
The open issues for the IDLE mode neighbor cell measurements include following:
	· at least two RSS subframes exists immediately before the first subframe of paging occasion MPDCCH, for [image: image10.png]


 successive DRX cycles
· FFS on at least two subframes exists immediately after the last subframe of paging occasion  
· (FFS: min/max distance of start/end of RSS occasion w.r.t end/start of MPDCCH), and
· FFS on whether the UE is expected perform concurrent measurements on CRS and RSS. 

· FFS on RSS from neighbour cell is within same 2-RB layer as serving cell RSS


For the first two FFS in the neighbor cell measurements regarding the placement of the two RSS subframes before the paging reception, and whether any RSS subframes are needed also after the paging the paging reception, proposal #1 and #2 also apply here.
Regarding whether the UE is expected to perform concurrent measurements on CRS and RSS, our view is that it depends on the configured RSS periodicity. The periodicities which are supported include PRSS = {160, 320, 640, 1280} ms.  However, the DRX cycles supported for cat-M are {320, 640, 1280, 2560} ms. It is obvious that using of the longest RSS periodicities may not work well with the shortest DRX cycles. Therefore, our view is to specify the requirements only for the two shortest RSS periodicities which are 160 ms and 320 ms. With these two periodicities, also UEs which are configured with the shortest DRX cycles will be able to measure on the RSS in every DRX cycles and the current UE measurement delay requirements can be reused. In this case, the UE does not have to measure on both RSS and CRS for RSRP measurement. 
· Proposal #3: RSS measurement requirements are defined for RSS periodicities of 160 ms and 320 ms only.
·  Proposal #4: Conditioned on proposal 3, the UE is not expected to measure on both RSS and CRS for RSRP measurements. 

The last FFS in the IDLE mode neighbor cell measurement is related to the location of the two measured RSS PRBs in relation to the serving cell RSS PRBs. In our view, this is an unnecessary condition which also limits the RSS flexibility. It is noted that, the cat-M UE shall be able to measure on at least 6 DL PRBs, and therefore it should also be able to measure on the 2 RSS PRBs. It does not increase the resources used for measurements and the processing nor filtering. The neighbor cell RSS configuration is already provided to the UE, and hence the method of measuring is very similar to the way CRS is measured. Therefore, as long as the neighbor cell RSS is provided within the UE NB, the UE shall be able to measure on the two RSS PRBs. 
· Proposal #5: No need to specify any condition on the location of RSS PRBs of the neighbor cell with respect to the serving cell RSS location. 
CONNECTED mode serving- and neighbor cell measurements:

We have explained in our previous contribution about the impact of sharing the existing measurement gaps with RSS measurement [3]. Based on that discussion, we have proposed that the CONNECTED mode requirements are specified without assuming measurement gaps in release 16, and this means the measurements can be performed under certain conditions only. An implication of allowing RSS measurement without using measurement gap is that inter-frequency measurements are not feasible because they always require gaps. The measurement conditions were discussed at last meeting, following conditions were presented for the CONNECTED mode in [4]:
“For a UE that supports RSS-based RSRP measurement, UE shall be required to use RSS for RSRP measurement of a serving or neighbour cell in RRC_CONNECTED mode and meet the corresponding accuracy requirements only if: 

a. RSS frequency location of the cell being measured occurs in the NB(s) that UE monitors for MPDDCH for the N number of samples, and

b. RSS time location of the cell being measured does not coincide with UE’s measurement gap (if configured), and

c. RSS power offset of the cell being measured is not smaller than 0 dB”

We have similar view about the measurement conditions when they are performed without using measurement gaps. We therefore support option 1, originally proposed in [4] for the measurement conditions in CONNECTED mode:

· Proposal #6: We support the proposal in [4], i.e. for a UE that supports RSS-based RSRP measurement, UE shall be required to use RSS for RSRP measurement of a serving or neighbour cell in RRC_CONNECTED mode and meet the corresponding accuracy requirements only if: 

· RSS frequency location of the cell being measured occurs in the NB(s) that UE monitors for MPDDCH for the N number of samples, and

· RSS time location of the cell being measured does not coincide with UE’s measurement gap (if configured), and

· RSS power offset of the cell being measured is not smaller than 0 dB

Measurement period
Following was agreed with regard to the measurement delay [5]:
	· RSS-based measurement period is not longer than CRS-based measurement period
· Nserv as measurement period for serving cell
· Whether to use Tmeasure or Tevalute is FFS  for neighbour cells.


Provided that the proposal #3 above is agreed, we do not see any impact on the measurement delays in the serving- nor neighbor cell measurements in the IDLE mode because RSS can always be guaranteed in every measurement occasion in every DRX cycle. Hence, existing requirements for Nserv, Tmeasure and Tevaluate can be reused.
However, we see an impact on the CONNECTED mode where the measurement delay is expressed in absolute time. The RSS based RSRP measurement performance was studied assuming 3 and 5 samples for normal and enhanced coverage respectively [2]. With RSS periodicity of 160 ms, this corresponds to L1 measurement period of 480 ms and 800 ms for normal and enhanced coverage respectively in non-DRX. With RSS periodicity of 320 ms, this corresponds to L1 measurement period of 960 ms and 1600 ms respectively in non-DRX. Assuming a similar approach, the DRX measurement period can be defined as max (DRX cycle length, TRSS ) x N, where N is the number of samples, i.e. 3 for normal coverage and 5 for enhanced coverage. 
· Proposal #7: Assuming RSS periodicities of 160 ms and 320 ms, the CRS measurement delay requirements in IDLE mode can be reused.  

· Proposal #8: In CONNECTED mode, L1 measurement period for RSS based RSRP measurement is defined as
·  If TRSS=160 ms, L1 measurement period is 480 ms and 800 ms in normal and enhanced coverage respectively for BL and non-BL UEs in non-DRX. 
· If TRSS=320 ms, L1 measurement period is 960 ms and 1600 ms in normal and enhanced coverage respectively for BL and non-BL UEs in non-DRX. 

· L1 measurement period is defined as max (DRX cycle length, TRSS ) x 3 in normal coverage in DRX.
· L1 measurement period is defined as max (DRX cycle length, TRSS ) x 5 in enhanced coverage in DRX.
Measurement accuracy:

Following agreements were reached regarding the RF margin to use for the RSS measurement [5]:
	· RSS measurement accuracy requirements are to be specified by averaging the simulation results (excluding RF margin) and a fixed RF margin is added on top. 

· For the RF margins, following options are under consideration:

· Non-BL UE


· 2.5 dB

· BL UE

· Option 1: 3 dB

· Option 2: 4 dB


It is noted companies have used different RF margins as presented in Table 3. 

Table 3 RF margins assumed in measurement accuracy proposals

	Company
	 RF margin

	Ericsson 
	3 dB [R4-1914726]

	Intel
	2.5 dB [R4-1913454]

	Nokia
	2.0 dB [R4-1915167]

	Huawei
	4 dB [R4-2001653]

	Qualcomm
	3 dB [RAN4#93 meeting minutes]


Based on the assumptions in Table 3, it is observed that most companies have observed an RF margin less than or equal to 3 dB. In order to fully utilize the benefit of RSS, i.e. the improved measurement accuracy especially in enhanced coverage, which can in turn help to better utilize the network resources e.g. by selecting a more suitable CE level etc. We would like to discuss the RF margin to use for defining the RSS based RSRP measurement. Our preference is to use 3 dB margin for the BL UEs.

· Proposal #9: Use 3 dB RF margin for the BL UEs and 2.5 dB for non-BL UEs.
3 Conclusion

In this contribution we have the open issues of RSS measurements as identified in last meeting which are measurement conditions, measurement period and measurement accuracy levels. Based on the discussions, we have made following proposals:
· Proposal #1: At least two RSS subframes (n-1, n-2)  shall be provided before the start of paging reception at subframe n. 

· Proposal #2: No need to put any conditions on RSS presence in subframes after the paging reception. 
· Proposal #3: RSS measurement requirements are defined for RSS periodicities of 160 ms and 320 ms only.

·  Proposal #4: Conditioned on proposal 3, the UE is not expected to measure on both RSS and CRS for RSRP measurements. 

· Proposal #5: No need to specify any condition on the location of RSS PRBs of the neighbor cell with respect to the serving cell RSS location. 

· Proposal #6: We support the proposal in [4], i.e. for a UE that supports RSS-based RSRP measurement, UE shall be required to use RSS for RSRP measurement of a serving or neighbour cell in RRC_CONNECTED mode and meet the corresponding accuracy requirements only if: 

· RSS frequency location of the cell being measured occurs in the NB(s) that UE monitors for MPDDCH for the N number of samples, and

· RSS time location of the cell being measured does not coincide with UE’s measurement gap (if configured), and

· RSS power offset of the cell being measured is not smaller than 0 dB

· Proposal #7: Assuming RSS periodicities of 160 ms and 320 ms, the CRS measurement delay requirements in IDLE mode can be reused.  

· Proposal #8: In CONNECTED mode, L1 measurement period for RSS based RSRP measurement is defined as

·  If TRSS=160 ms, L1 measurement period is 480 ms and 800 ms in normal and enhanced coverage respectively for BL and non-BL UEs in non-DRX. 

· If TRSS=320 ms, L1 measurement period is 960 ms and 1600 ms in normal and enhanced coverage respectively for BL and non-BL UEs in non-DRX. 

· L1 measurement period is defined as max (DRX cycle length, TRSS ) x 3 in normal coverage in DRX.
· L1 measurement period is defined as max (DRX cycle length, TRSS ) x 5 in enhanced coverage in DRX.
· Proposal #9: Use 3 dB RF margin for the BL UEs and 2.5 dB for non-BL UEs.
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