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Introduction
In RAN4#97, the remaining issues in eMTC RRM core requirements are discussed. The open issues and the outcomes are captured in [1]. There are several remaining issues to be further discussed:
· Consideration of rmax*G in RSS measurement period for Connected mode 
· Time relation between MG and RSS
· RSS based RSRQ measurement 
· Determination of frame timing of neighbour cell RSS
· RRC Inactive measurement requirements when configured with eDRX_ILDE
In this paper we will provide our views on remaining issues in eMTC RRM core requirements.
Discussion
Consideration of rmax*G 
In CRS measurement, the measurement period in Connected mode is defined as Max(5 * rmax*G, 480) in case of rmax*G >= 80ms, which is to enable UE power saving in case of large MPDCCH monitoring periodicity. In this sense, rmax*G plays similar role as DRX cycle. 
The same principle should be followed for RSS measurement, as otherwise UE would have to wake up additionally for RSS measurement in between MPDCCH monitoring occasions, and as a result, RSS measurement is more power consuming than CRS measurement.
Proposal 1: For non-DRX in Connected mode and rmax*G >= 80ms case, the RSS measurement period is defined as Max(rmax*G, TRSS ) x N.
Time relation between MG and RSS
The measurement condition for RSS in Connected mode are defined as follows, and the time relation between MG and RSS is defined in current requirements as the bullet in yellow.
	The UE is allowed to perform RSRP measurements based on RSS signals provided UE is configured with rss-ConfigCarrierInfo [2] and following conditions are met:
-	If measurement gaps are configured, the measured subframes containing RSS are available before or after the measurement gaps and UE shall measure RSS outside the gaps,  and
-	RSS frequency location of the cell being measured occurs in the NB(s) that UE monitors for MPDDCH if UE supports measuring neighbour cell RSS in the same MPDCCH bandwidth, or within the same RSS RB location of the serving cell if UE does not support measuring neighbour cell RSS in the same MPDCCH bandwidth, for 5 successive samples and the last subframe of the RSS occasion of the measured cell is in the window of [n-5, n-1] where n is the first subframe of DRX ON duration, and 
-	RSS-based measurement period (Tmeasure_intra_UE cat M1) is not longer than CRS-based measurement period , and
-	RSS power offset (PRSS) with respect to CRS as defined in RSS-Config or rss-MeasPowerBias [2], where PRSS ≥ 0 dB.
If UE performs RSRP measurement based on RSS for serving or neighbour cell, it is not expected to perform RSRP measurement based on CRS on that cell. 


In RAN4#97 based on companies’ comments, there seem to be some different understanding on measurement condition for RSS in Connected mode. 
	Company
	Comments

	Huawei
	Support. The change describes the time domain relation between RSS and MG more accurately. 

	Ericsson
	We understand the comments by Huawei that this clarification does not limit the network. We would like to check more because it is the first meeting discussing this issue.

	Nokia
	We understand the rationale behind the proposal, which is to specify clear conditions for UE to measure RSS outside measurement gaps. Though, we think further justification is needed for “at least two consecutive RSS subframes” (and not at least one or three or four subframes) as well as the window length (is this derived from requirements in idle mode prior to paging MPDCCH monitoring  to keep similar level of energy saving or why the window length is the same as for idle mode ?). The case of measuring RSS after measurement gap may also deserve attention.

	Qualcomm
	Regarding the following text from TS 36.133: “If measurement gaps are configured, the measured subframes containing RSS are available before or after the measurement gaps and UE shall measure RSS outside the gaps.” Our understanding is that “measured subframes” refers to the subframes that the UE targets for measuring RSS. The point is that those subframes need to be outside measurement gaps.
Also from TS 36.133: “for 5 successive samples and the last subframe of the RSS occasion is in the window of [n-5, n-1] where n is the first subframe of DRX ON duration”
Based on the above we understand that the UE is allowed to measure RSS only when there are at least  5 consecutive RSS subframes and the last RSS subframe is within 5 subframes of the start of DRX ON. Your proposal is to reduce the condition on the number of consecutive RSS subframes to 2?


In our understanding, the RSS measurement requirements are derived based on 
· 3 or 5 samples for RSS measurement for normal and enhanced coverage, where one “sample” means one occasion of the periodically transmitted RSS, so two “samples” are separated by the RSS period (see [2])
· Within each sample, at least 2 consecutive RSS subframes available for measurement (see [3])
Then, RAN4 discussed the time relation between RSS and DRX ON. Considering the typical use case of RSS (for T/F synchronization before DRX ON) and UE power saving, it was discussed that UE does not need to measure RSS too earlier than DRX ON, and the last subframe before DRX ON (subframe n-1) may not be usable for RSS measurement. This leads to the condition that the last RSS subframe is within window [n-5, n-1], see [4]. As RSS duration is at least 8 BL/CE subframes, there would be always >=2 consecutive RSS subframes in measurement window [n-6, n-2].
Above condition works well for the case when there is no MG. With MG configured, it is however unclear which subframes are considered as “measured subframes”. In our view, the MG should be configured such that there are still 2 consecutive subframes available in the effective measurement window of [n-6, n-2]. This means the MG should either ends in subframe n-4 at latest, or starts in subframe n-4 as earliest.
Proposal 2: Update the RSS measurement condition related to MG to “There are at least 2 consecutive RSS subframes available outside measurement gaps (if configured) in the window of [n-6, n-2]”.
RSRQ measurement 
RAN4 has only defined RSRP measurement requirements for RSS measurement. This is aligned with RAN1 in that in 36.214 only RSRP measurement is defined to be based on RSS, while RSRQ is not. 
However, in Idle mode RSRQ is always used in S criterion that is used for cell selection and cell reselection based on 36.304:
	0. [bookmark: _Toc525821471]5.2.3.2	Cell Selection Criterion
The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


0. [bookmark: _Toc525821485]5.2.4.6	Intra-frequency and equal priority inter-frequency Cell Reselection criteria
The UE shall perform ranking of all cells that fulfil the cell selection criterion S, which is defined in 5.2.3.2 (5.2.3.2a for NB-IoT), but may exclude all CSG cells that are known by the UE not to be CSG member cells.
The cells shall be ranked according to the R criteria specified above, deriving Qmeas,n and Qmeas,s and calculating the R values using averaged RSRP results.
If a cell is ranked as the best cell the UE shall perform cell reselection to that cell. If this cell is found to be not-suitable, the UE shall behave according to subclause 5.2.4.4.
In all cases, the UE shall reselect the new cell, only if the following conditions are met:
-	the	new cell is better ranked than the serving cell during a time interval TreselectionRAT;
-	more than 1 second has elapsed since the UE camped on the current serving cell.


This means when a cell, either serving cell or neighbour cell, is measured based on RSS, there is no RSRQ value for UE to check against the S criterion for that cell. There are two options to address the problem:
· Option 1: Define RSS based RSRQ measurement
· Option 2: Remove Squal > 0 in S criterion if the cell is measured based on RSS
· Option 3: Use RSRQ measured from CRS
Option 1 and option 2 will impact other WGs. 
Option 3 may impact RAN4 only, but it is conflicting with the existing requirement that UE does not measure RSRP from both CRS and RSS from a single cell (if UE measures CRS RSRQ it means UE has to also measure CRS RSRP). Also, the Idle mode cell reselection requirements need to be revisited since the measurement period for RSS and CRS are different. 
Between optino1 and option 2, in RAN4#97, some company asked the question whether RSS measurement is still beneficial without RSRQ measurement. We share similar view, and therefore we prefer option 1, which is the most straightforward and cleanest solution.
Proposal 3: Send LS to ask RAN1 to define RSS based RSRQ.
0. Determination of frame timing of neighbour cell RSS 
In order to measure RSS transmitted by a neighbour cell, UE needs to determine the start of radio frame w.r.t. neighbor cell timing where RSS transmission starts.
According to 36.331, UE can derive the offset in radio frame of neighbour cell RSS 
· based on RSS-ConfigCarrierInfo-r16, if RSS-ConfigCarrierInfo-r16 is configured, or 
· assuming neighbor cell RSS is co-located (time and frequency domain) with serving cell RSS, if RSS-ConfigCarrierInfo-r16 is not configured
	rss-ConfigCarrierInfo
RSS configurations for this carrier frequency. If absent, RSS is collocated (time and frequency domain) in all cells.
RSS-ConfigCarrierInfo-r16 ::=	SEQUENCE {
	narrowbandIndex-r16				BIT STRING (SIZE (1..maxAvailNarrowBands-1-r16)),
	timeOffsetGranularity-r16		ENUMERATED {g1, g2, g4, g8, g16, g32, g64, g128}
}
timeOffsetGranularity
RSS Time Offset granularity (GRSS). Value g1 corresponds to 1 frame, value g2 corresponds to 2 frames, and so on. Only the following values of GRSS are applicable depending on the serving cell RSS periodicity (PRSS) given by parameter periodicity in ce-RSS-Config-r15:
GRSS = {1, 2, 4, 8, 16} frames for PRSS = 160 ms
GRSS = {1, 2, 4, 8, 16, 32} frames for PRSS = 320 ms
GRSS = {2, 4, 8, 16, 32, 64} frames for PRSS = 640 ms
GRSS = {4, 8, 16, 32, 64, 128} frames for PRSS = 1280 ms.
The actual RSS time offset of a specific cell (ORSS, see TS 36.211 [21] subclause 6.11.3.2) in SFN radio frames is given by (XRSS × GRSS) + ΔRSS where:
-	RSS Time Offset of a specific cell (XRSS) is determined based on its PCID using XRSS = FLOOR (PCID/(3 NNB)) modulo MRSS, and distributed across MRSS time locations per PRSS such that MRSS = PRSS /(10 × GRSS); and
-	ΔRSS is calculated by using the serving cell XRSS (i.e., based on serving cell PCID and parameters given in ce-RSS-Config-r15) such that serving cell ORSS = (XRSS × GRSS) + ΔRSS.


In our understanding, UE is not required to read MIB (to acquire SFN) for neighbour cell measurement, and the derived radio frame offset according to 36.331 should be w.r.t. serving cell timing.
Observation: The derived radio frame offset for neighbour cell RSS according to 36.331 should be w.r.t. serving cell timing.
On the other hand, the frame timing between serving and neighbour cell can be misaligned. For example, in the current test cases for FDD intra-frequency cell reselection, the timing offset between two cells are 3ms. In this case, it is unclear how UE should determine the start of the radio frame w.r.t. neighbor cell timing where RSS transmission starts. There are two options in our view
· Option 1: UE takes the derived serving cell radio frame offset for measuring the neighbor cell. This means RSS measurement requirements apply when frame timing between serving and neighbour cell are aligned, e.g. within 3us.
· Option 2: UE performs neighbor cell RSS measurement in the radio frame w.r.t. neighbor cell timing that is closest to the derived serving cell radio frame offset. 
Our preference is option 2 since it does not require network synchronization to enable neighbour cell RSS measurement. This is illustrated in Figure 1. 
[image: ]
Figure 1: Illustration of start of radio frame w.r.t. neighbor cell timing where RSS transmission starts
The derived radio frame offset w.r.t. serving cell according to 36.331 is n. Based on PSS/SSS detection, UE can determine the start of radio frame w.r.t. neighbour cell timing, i.e. the timing of frame m-1, m, m+1 … Then UE selects the radio frame w.r.t. neighbor cell timing that is closest to serving cell frame n, which is frame m, for neighbour cell RSS measurement. 
Proposal 4: UE performs neighbor cell RSS measurement in the radio frame w.r.t. neighbor cell timing that is closest to the derived serving cell radio frame offset.
RRC Inactive measurement requirements when configured with eDRX_ILDE
For eMTC RRM requirements in Inactive mode, it was agreed to follow the existing Idle mode requirements except for the case when UE is configured with eDRX_ILDE.
For Idle mode the UE paging monitoring is shown in Figure 2 below. As UE only monitors paging in PTW, the measurement requirements for eDRX are defined assuming UE measures according to the DRX cycle within the eDRX PTW, while UE is not required to measure outside eDRX PTW.


Figure 2: Paging occasion monitoring in RRC_IDLE for eMTC
For Inactive mode, the UE paging monitoring is different as shown in Figure 3 below. 


Figure 3: Paging monitoring in RRC_INACTIVE for eMTC
In Inactive mode, UE monitors both CN initiated POs in PTW (same as in Idle mode) and RAN initiated POs outside PTW (new monitoring for Inactive mode). In our view, UE measurement requirements should be defined based on monitoring of RAN initiated POs, due to following reasons
· Monitoring of CN initiated POs is due to possible state mismatch between the UE and the CN, which is an abnormal state for UE, and thus should be baseline for measurement requirements
· RAN2 has agreed to extend the value range of the RAN paging cycle and that no PTW is introduced for RRC_INACTIVE state with short eDRX. Thus there is no difference whether a short or extended DRX cycle is configured
· PTW (configured in Idle mode) is usually a small part of the eDRX cycle, so defining a separate measurement requirement for this duration is not very meaningful while it will makethe requirements very complex. 
The eDRX measurement requirements in Inactive mode should be defined without considering PTW and considering the new DRX cycles of 5.12s and 10.24s. For Tdetect, Tmeasure and Tevaluate, we suggest to reuse the same number of DRX cycles as for 2.56s DRX cycle. 
For completeness, when eDRX is not configured, the paging monitoring periodicity does not change in Inactive mode compared to Idle mode, including the value range, so the Idle mode requirements can be simply reused.
	When idle mode eDRX is not configured, eMTC UEs in RRC_INACTIVE monitor the paging occasions according to the shortest of the cell default paging cycle, the UE specific DRX (if configured), and the RAN paging cycle (if configured).
When idle mode eDRX is not configured, eMTC UEs in RRC_INACTIVE cannot be configured with values 5.12 sec and 10.24 sec.


Proposal 5: For eMTC in Inactive mode, the reselection requirements should be defined aligned with UE behaviour for Paging monitoring. For eDRX_IDLE the requirements should be defined without considering PTW but considering the new DRX cycles of 5.12s and 10.24s
Conclusions
In this paper we provided our views on remaining issues in eMTC RRM core requirements.
Proposal 1: For non-DRX in Connected mode and rmax*G >= 80ms case, the RSS measurement period is defined as Max(rmax*G, TRSS ) x N.
Proposal 2: Update the RSS measurement condition related to MG to “There are at least 2 consecutive RSS subframes available outside measurement gaps (if configured) in the window of [n-6, n-2]”.
Proposal 3: Send LS to ask RAN1 to define RSS based RSRQ.
Proposal 4: UE performs neighbor cell RSS measurement in the radio frame w.r.t. neighbor cell timing that is closest to the derived serving cell radio frame offset.
Proposal 5: For eMTC in Inactive mode, the reselection requirements should be defined aligned with UE behaviour for Paging monitoring. For eDRX_IDLE the requirements should be defined without considering PTW but considering the new DRX cycles of 5.12s and 10.24s
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Title:	LS on RSS based RSRQ
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Release:	Release 16
Work Item:	LTE_eMTC5-Core

Source:	RAN4
To:	RAN1
Cc:	RAN2

Contact Person:	
0. Name:	Li Zhang
E-mail Address: 	zhangli164@huawei.com

Attachments: -


1. Overall Description:
RAN4 has defined RSS based RSRP measurement requirements in 36.133 in Rel-16 eMTC WI.  
RAN4 understands that the S criterion for cell selection and cell reselection are based on both RSRP and RSRQ. Also, in RAN4 understanding, since RSRQ is an important measurement that provides different information than RSRP to the network and is widely used in CRS based RRM, defining RSS based RSRQ will also increase the usefulness of RSS based RRM. Therefore, RAN4 suggests to introduce RSS based RSRQ measurement. 

Therefore, RAN4 kindly asks RAN1 to introduce RSS based RSRQ measurement. 

2. Actions:
To RAN2:
RAN4 kindly asks RAN1 to introduce RSS based RSRQ measurement. 

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 Meeting #98bis-e		  	12 Apr – 20 Apr, 2021
TSG-RAN4 Meeting #99-e		  	    19 Apr – 27 May, 2021
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