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Introduction
At RAN4 #99-e, a discussion was lead based on RAN2 Reply LS related to RSS based RSRQ for LTE-MTC. The LS from RAN2 in [1] contained RAN2’s preference to define RSRQ for RSS measurements rather than to remove it as cell reselection criterion. During the RAN4 ##99-e discussion, another option was proposed, namely to enable reuse of existing CRS based RSRQ measurement in case of RSS based RSRP measurement configuration. This option was included as option 2 in the WF [2] for further investigation until RAN4 #100-e: 
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At RAN4 #100-e, a Reply LS related to RSS based RSRQ for LTE-MTC from RAN1 is received [3]. The LS content is replicated below. 
	1. Overall Description:
RAN1 thanks RAN2 for the LS in R2-2104392, and RAN4 for the LS in R4-2103728. 
The options proposed by RAN4 are:
· Option 1: Remove RSRQ from the cell selection and cell re-selection criterion when a cell is measured using RSS.
· Option 2: Define RSRQ for RSS measurements
Regarding option 2 (Define RSRQ for RSS measurements), RAN1 has observed that there will be a bias between CRS based RSRQ and RSS based RSRQ. RAN1 has no consensus on whether a new parameter is needed to offset the bias. It is up to RAN4 to decide on RSS based RSRQ for LTE-MTC.RAN2 thanks RAN4 for the LS in R4-2103728. 
2. Actions:
To RAN WG4:
RAN1 respectfully asks RAN4 to take the above into account.


This contribution discusses the further proceeding based on replies from RAN2 and RAN1 to RAN4’s LS [4].
Discussion
Based on RAN2’s reply, impact on performance of cell (re-) selection procedures is expected if RSRQ is removed from the procedures. RAN2 express a preference for defining RSS based RSRQ measurement. 
However, RSS based RSRQ measurement needs to be defined by RAN1 in TS 36.214. Existing RSRQ measurement is defined in clause 5.1.3:
“Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB's of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.”
It would be straightforward to extend this definition to RSS based RSRQ. However, there is a systematic difference between existing RSRQ using CRS for measuring RSRP over the 6 central PRBs of the E-UTRA carrier bandwidth and RSS based RSRQ, since the RSS measurement bandwidth consists only of 2 consecutive PRBs and hence RSRP and RSSI are derived from only 2 RBs, i.e. it is a narrowband measurement and will only report the quality for both PRBs and not for other 4 central PRBs of the E-UTRA carrier bandwidth. This means that accuracy requirements for RSS based RSRQ need to be defined and accuracy level should be comparable to that for existing RSRQ, otherwise the impact on cell (re-)selection procedures would remain. Hence introducing RSS based RSRQ requires specification effort in RAN1 and the definition of accuracy requirements for RSS based RSRQ in RAN4 with the target of comparable performance to existing RSRQ. In RAN1’s reply, a bias between CRS based RSRQ and RSS based RSRQ is indicated, which requires further investigation. Even accounting for this bias by defining an offset, accuracy performance of the RSS based RSRQ is expected to be inferior to CRS based RSRQ due to lower measurement bandwidth. Therefore, defining RSS based RSRQ measurement and specifying correspondent accuracy performance, appears to require larger standardization effort and hence will be challenging for Rel-16. 
In our view, this enhancement should be added to the Rel-17 work item for eMTC enhancements [5]. For Rel-16, as pointed out in [6], the fallback to existing CRS based RSRQ in case of RSS based RSRP measurement configuration, is a straightforward option to ensure there is no impact on cell reselection procedure. 
As RSS is sent in configured number of consecutive subframes (RSS duration is either 8, 16, 32 or 40 subframes with a given RSS periodicity of 160, 320, 640 or 1280 ms, in these subframes RSS is punctured at all CRS RE’s positions, see Figure 1 below, so that CRS is transmitted in the same positions as in other subframes not containing RSS, ensuring backward compatibility with legacy LTE devices. As CRS is transmitted in each subframe, there is no impact to the Rel-16 LTE-MTC device in measuring CRS-based RSRQ, i.e. the same behaviour applies as for Rel-15. 
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Figure 1: CRS and RSS mapping to RE’s (shown 1 PRB and 1 subframe, 2 antenna ports) [7].
Moreover, the RSRQ measurements are only needed in case of triggered cell (re-)selection and not for regular wake-up procedures for relaxed serving cell monitoring mode, where RSS-based RSRP measurements are sufficient. 
Selecting this approach, applicability of the CRS-based RSRQ measurement in case of RSS-based RSRP measurement configuration, can be defined in TS 36.133 without the need for changes in RAN1 specification, without the need to identify a suitable offset compensating the bias between CRS-based and RSS-based RSRQ, and without the need for defining new time-consuming RSS based RSRQ accuracy requirements in RAN4. 
The change to core requirements in TS 36.133 is depicted in Table 1 below.

	Section
	Current wording 
	New wording

	4.7.2.1.1 Measurement and evaluation of serving cell in normal coverage
	If UE performs RSRP measurement based on RSS for serving cell, it is not expected to perform RSRP measurement based on CRS on that serving cell.
	If UE performs RSRP measurement based on RSS for serving cell, it is not expected to perform RSRP measurement based on CRS on that serving cell, unless the UE is required to measure RSRQ of the serving cell for the RSRQ cell re-selection criterion.

	4.7.2.1.2 Measurement of intra-frequency cells in normal mode
	If UE performs RSRP measurement based on RSS on detected intra-frequency cell, it is not expected to perform RSRP measurement based on CRS on that measured cell. 
	If UE performs RSRP measurement based on RSS on detected intra-frequency cell, it is not expected to perform RSRP measurement based on CRS on that measured cell, unless the UE is required to measure RSRQ of that cell for the RSRQ cell re-selection criterion. 

	4.7.2.2.1 Measurement and evaluation of serving cell in enhanced coverage
	If UE performs RSRP measurement based on RSS for serving cell, it is not expected to perform RSRP measurement based on CRS on that serving cell.

	If UE performs RSRP measurement based on RSS for serving cell, it is not expected to perform RSRP measurement based on CRS on that serving cell, unless the UE is required to measure RSRQ of the serving cell for the RSRQ cell re-selection criterion.

	4.7.2.2.2 Measurement of intra-frequency cells in enhanced coverage
	If UE performs RSRP measurement based on RSS on detected intra-frequency cell, it is not expected to perform RSRP measurement based on CRS on that measured cell. 
	If UE performs RSRP measurement based on RSS on detected intra-frequency cell, it is not expected to perform RSRP measurement based on CRS on that measured cell, unless the UE is required to measure RSRQ of that cell for the RSRQ cell re-selection criterion. 

	8.13.2.1 E-UTRAN intra-frequency measurements with CE mode A
	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. 

	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, unless the UE is required to measure RSRQ of the serving or neighbour cell for the RSRQ cell re-selection criterion. 

	8.13.3.2 E-UTRAN intra-frequency measurements with CE mode B
	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. 

	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, unless the UE is required to measure RSRQ of the serving or neighbour cell for the RSRQ cell re-selection criterion. 


Table 1: Changes to core requirements for UE cat M1 in TS 36.133.

Thus, following proposal is made. 
RAN4 to agree proceeding along option 2 in WF, i.e. to adjust core requirements in TS 36.133 according to Table 1 to enable reuse of existing CRS based RSRQ measurements for cell re-selection in case of RSS based RSRP measurement configuration. 
The draft CR 36.133 is provided in the companion contribution [8].
Conclusion
This contribution has discussed the further proceeding based on replies from RAN1 [3] and RAN2 [1] to RAN4’s LS [4], where RAN2 expressed a preference for not removing RSRQ from cell (re-)selection procedures in case of RSS measurements. 
Following proposal is made.
1. RAN4 to agree proceeding along option 2 in WF, i.e. to adjust core requirements in TS 36.133 according to Table 1 to enable reuse of existing CRS based RSRQ measurements for cell re-selection in case of RSS based RSRP measurement configuration. 
The draft CR 36.133 is provided in the companion contribution [8].
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* RAN4 discussed whether to introduce RSS based RSRQ measurement
for release 16 eMTC under TEI. Based on the discussions, following
options were identified:

* Option 1: RSS based RSRQ shall not be introduced under TEI work
for release 16 eMTC.

* Option 2: Adjust applicability requirements in TS 36.133 to enable
reuse of existing CRS based RSRQ measurements in case of RSS
based RSRP measurement configuration.

* Option 3: Wait for RAN1 conclusion on whether to introduce RSS
based RSRQ under TEI work for release 16 eMTC.

* other options not precluded




