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Introduction
In RAN4#94-e meeting, discussion on RSS-based RSRP measurements in connected and idle mode continued and the following was captured in the WF [1]:
Mobility enhancement: RSS based RSRP measurement for UEs
· RAN4 to define RSS based RSRP measurements in IDLE and CONNECTED mode for serving cells and neighbor cells under certain conditions regarding location of RSS resources in the cell bandwidth. 
· The conditions are to be discussed at next meeting. 
· RAN4 is to discuss the measurement delay requirements for RSS based RSRP measurements at next meeting.
· RAN4 agrees to use the same RF margin that was used for deriving the CRS based RSRP measurement accuracy requirements for cat-M. 


In this paper, we further discuss the conditions under which RSS-based RSRP measurements in idle and connected mode should be applicable. 
Discussion
 Idle mode
In our view, power consumption is the most important factor for MTC devices in idle mode. Hence, UE should not be required to do any additional task (e.g., RF retuning, more regular wake-up, elongating wake up time) in order to perform RSS-based RSRP measurement compared to CRS-based RSRP measurement. 
Also, RAN4 agreed to use  and  samples for RSS-based measurements in normal and enhanced coverage modes, respectively. In idle mode, it is reasonable to translate this agreement to [3] and [5] DRX cycles if every DRX cycle coincides with an RSS occasion. This agreement creates some conflicts with existing requirements and further considerations are needed to determine the applicability of RSS-based RSRP measurements. 
For instance, serving cell evaluation requires Nserv DRX cycles which is a function of DRX cycle length. In normal coverage, Nserv =2 for DRX cycle length ≥ 1.28 s. UE is required to perform tasks such as neighbor cell measurements if serving cell evaluation according to S criteria is not satisfactory after Nserv DRX cycles. Similarly, intra-frequency neighbor cell measurements require a certain number of samples which can be less than 3 or 5 samples in some DRX cycle lengths. In our view, prolonging these measurement periods to obtain the necessary samples for RSS-based RSRP measurements has adverse effects on system performance.
Observation 1. Prolonging the RSS-based RSRP measurement period compared to CRS-based RSRP measurement period in idle mode has adverse impact on power consumption and system performance.

Moreover, in idle mode, UE is monitoring paging occasions. If MPDCH duration corresponding to paging in idle collide with RSS occasions and they share the same NB for  successive DRX cyles, then UE can use RSS for RSRP measurement. Otherwise, UE should not be required to do RSS-based RSRP measurement as priority should be given to monitoring paging.
RAN4 should further clarify what “colliding RSS and paging occasions” mean. Our understanding is that UE typically performs serving cell measurements based on CRS in the warmup subframes preceding a paging occasion or during the paging occasion while processing MPDCCH. Thus, if RSS occasion overlaps with the beginning of MPDCCH duration of paging occasion for at least 2 subframes, the UE can make an RSS-based measurement without incurring a penalty cost. The reason for using 2 subframes is that the simulation campaign used 2 subframes of combining for each sample.
However, it is noted that per TS 36.213, RSS subframes can puncture MPDCCH and PDSCH subframes:
“PRB pairs occupied by RSS shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.”
“PRB pairs occupied by RSS shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.”
Consequently, overlap of serving cell RSS with MPDCCH or PDSCH results in degraded paging performance. In our view, RSS-based RSRP measurement is an optimization over CRS-based RSRP measurement whereas paging performance is essential and should not be compromised. Hence, it is proposed that:
Proposal 1. In idle mode, RSS-based RSRP measurement requirements apply for serving cell only if the RSS of serving cell
1. share the same NB as that of paging occasion MPDCCH for  successive DRX cycles, and
2. RSS occasion precedes paging occasion MPDCCH for  successive DRX cycles (i.e., no overlap),  (FFS: the min/max allowed distance between the last subframe of RSS and first subframe of MPDCCH), and
3. RSS power offset with respect to CRS is equal to or greater than 0 dB, and 
4. RSS-based measurement period is not longer than CRS-based measurement period

Where  for normal coverage and  for enhanced coverage.
This is shown in Figure 1 (A). 
In contrast, for intra-frequency neighbor cell measurement in idle, RSS does not puncture MPDCCH/PDSCH as they are transmitted from different eNBs. However, although overlap of RSS occasion with MPDCCH can be allowed, it would result in increased computational complexity as UE needs to simultaneously decode MPDCCH and perform RSRP measurement. In this scenario, it is proposed to define applicability if RSS occasion has two subframes present on either side of the MPDCCH paging occasion, i.e., if at least two subframes before the first paging subframe or at least two subframes after the last paging subframe. It is noted that UE may receive a page during MPDCCH and may need to switch to another NB to process PDSCH, or MPDCCH can be configured with frequency hopping, leaving no time to process RSS. Hence, relying on farther subframes after paging subframes may not be possible. This is shown in Figure 1 (B).



Figure 1 Overlap of RSS and paging occasions in time and frequency
Proposal 2. In idle mode, RSS-based RSRP measurement requirements apply for intra-frequency neighbor cell only if the RSS of corresponding neighbor cell 
1. share the same NB as that of paging occasion MPDCCH for  successive DRX cycles, and
2. at least two RSS subframes exists immediately before the first subframe of paging occasion MPDCCH , or immediately after the last subframe of paging occasion, for  successive DRX cycles (FFS: min/max distance of start/end of RSS occasion w.r.t end/start of MPDCCH), and
3. RSS power offset with respect to CRS is equal to or greater than 0 dB, and 
4. RSS-based measurement period is not longer than CRS-based measurement period

Where  for normal coverage and  for enhanced coverage.
Connected mode
In RRC_CONNECTED mode, UE is tuned to a NW-configured NB in which it monitors MPDCCH for traffic. Moreover, MPDCCH monitoring may require UE to perform frequency hopping as configured by the NW. The NB(s) which UE is tuned to may or may not contain RSS of serving or neighbor cells. Hence, using RSS for measurements might require UE to have to retune its RF to the corresponding frequency location of the RSS. Such retuning necessitates configuring a measurement gap which must cover the RSS occasions in time-domain. 
However, NW configuration of a measurement gap for RSS-based measurement can interfere with existing tasks that UE is required to do to meet RRM requirements. Moreover, the time and frequency location of RSS depends on the number of bands configured for RSS transmission NNB, the frequency location offset (IRSS ), and time location offset (ORSS). So for each serving or neighbor cell, RSS location can be different depending on its PCID. A measurement gap configured to align with RSS of one neighbor cell may not cover the RSS of another neighbor cell.
Observation 2. Using RSS for measurements in RRC_CONNECTED mode may require UE to retune its RF to the corresponding frequency location of RSS which requires measurement gap. NW configuration of a measurement gap for RSS-based measurement can interfere with existing tasks that UE is required to do to meet RRM requirements. Moreover, a measurement gap configured to align with RSS of one neighbor cell may not cover the RSS of another neighbor cell.
It is also noted that the measurement accuracy requirements agreed in [2] were derived under certain conditions and no RF margin for retuning to another NB for RSS processing included in [2].
Observation 3. UE should not rely on measurement gap to perform RSS-based RSRP measurement for either the serving or neighbour cells.
In light of Observations 2-3 and the assumptions of accuracy requirements above, it is proposed that RSS-based RSRP measurement requirements are applicable 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 successive samples, and
b. RSS time location of the cell being measured does not coincide with UE’s measurement gap (if configured), and

Proposal 3. In connected mode, RSS-based RSRP measurement requirements apply for either serving or intra-frequency neighbor cell only if 
1. RSS frequency location of the cell being measured occurs in the NB(s) that UE monitors for serving cell MPDCCH/PDSCH for  successive RSS occasions, and
2. At least two successive subframes of RSS occasion of the cell being measured are available to UE during in the NB(s) that UE monitors, and during its DRX OnDuration (if configured), for  successive RSS occasions, and
3. RSS power offset with respect to CRS is equal to or greater than 0 dB

Where  for normal coverage and  for enhanced coverage.
Furthermore, RAN1 agreements indicate that for neighbour cells NOT in the neighbour cell list signalled to UE, RSS power offset of the cell is not known to UE and there is no further RAN1 specification for these cells. As such, RSS-based measurement for neighbour cells in connected mode should NOT be allowed if neighbour cell is not in the neighbour cell list with signalled RSS parameters.
Proposal 4.  UE is NOT required to perform RSS-based RSRP measurement in RRC_CONNECTED mode for neighbour cells that are not in the neighbour cell list with signalled RSS parameters. 
Conclusions
Observation 1. Prolonging the RSS-based RSRP measurement period compared to CRS-based RSRP measurement period in idle mode has adverse impact on power consumption and system performance.
Proposal 1. In idle mode, RSS-based RSRP measurement requirements apply for serving cell only if the RSS of serving cell
1. share the same NB as that of paging occasion MPDCCH for  successive DRX cycles, and
2. RSS occasion precedes paging occasion MPDCCH for  successive DRX cycles (i.e., no overlap),  (FFS: the min/max allowed distance between the last subframe of RSS and first subframe of MPDCCH), and
3. RSS power offset with respect to CRS is equal to or greater than 0 dB, and 
4. RSS-based measurement period is not longer than CRS-based measurement period

Where  for normal coverage and  for enhanced coverage.
Proposal 2. In idle mode, RSS-based RSRP measurement requirements apply for intra-frequency neighbor cell only if the RSS of corresponding neighbor cell 
1. share the same NB as that of paging occasion MPDCCH for  successive DRX cycles, and
2. at least two RSS subframes exists immediately before the first subframe of paging occasion MPDCCH , or immediately after the last subframe of paging occasion, for  successive DRX cycles (FFS: min/max distance of start/end of RSS occasion w.r.t end/start of MPDCCH), and
3. RSS power offset with respect to CRS is equal to or greater than 0 dB, and 
4. RSS-based measurement period is not longer than CRS-based measurement period

[bookmark: _GoBack]Where  for normal coverage and  for enhanced coverage.
Observation 2. Using RSS for measurements in RRC_CONNECTED mode may require UE to retune its RF to the corresponding frequency location of RSS which requires measurement gap. NW configuration of a measurement gap for RSS-based measurement can interfere with existing tasks that UE is required to do to meet RRM requirements. Moreover, a measurement gap configured to align with RSS of one neighbor cell may not cover the RSS of another neighbor cell.
Observation 3. UE should not rely on measurement gap to perform RSS-based RSRP measurement for either the serving or neighbour cells.
Proposal 3. In connected mode, RSS-based RSRP measurement requirements apply for either serving or intra-frequency neighbor cell only if 
4. RSS frequency location of the cell being measured occurs in the NB(s) that UE monitors for serving cell MPDCCH/PDSCH for  successive RSS occasions, and
5. At least two successive subframes of RSS occasion of the cell being measured are available to UE during in the NB(s) that UE monitors, and during its DRX OnDuration (if configured), for  successive RSS occasions, and
6. RSS power offset with respect to CRS is equal to or greater than 0 dB

Where  for normal coverage and  for enhanced coverage.
Proposal 4.  UE is NOT required to perform RSS-based RSRP measurement in RRC_CONNECTED mode for neighbour cells that are not in the neighbour cell list with signalled RSS parameters. 
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