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Introduction
In RAN1#94 meeting, an LS [1] was submitted to RAN4 group to provide feedback on the following questions: 
RAN1 respectfully asks RAN4 to evaluate the benefits and feasibility of using RSS for RSRP measurements compared to using LTE CRS. RAN1 also asks RAN4 to assess the benefits and feasibility of linking RSS to CRS for measurement purposes.



In the previous RAN1 meetings, the following agreements were made which need to be considered: 
RAN1 #94:
Agreement
From RAN1 perspective, it is feasible to use RSS for measuring RSRP for cells at least for IDLE mode mobility
RAN1 to identify the related parameters in the next RAN1 meeting
RAN1 #94bis:
Agreement 
In using RSS for measuring RSRP of neighbour cells, the following parameters are signalled to the UE for each cell:
· ce-rss-periodicity-config: RSS periodicity {160, 320, 640, 1280} ms
· ce-rss-duration-config : RSS duration {8, 16, 32, 40} subframes
· ce-rss-freqPos-config: RSS frequency location (lowest physical resource block number)
· ce-rss-timeOffset-config: RSS time offset in number of radio frames
· ce-rss-powerBoost-config : RSS power offset relative to LTE CRS {0, 3, 4.8, 6} dB
Agreement
The parameters related in the use of RSS for measuring RSRP of cells are signalled in the SI.
In this paper, we present our views on this subject and compare CRS-based and RSS-based measurement accuracy performance.   
Discussion 
2.1 Power consumption 
RSS can be transmitted in  successive subframes and spans 2 PRBs. It is likely that a UE implementation will not have a special RF image or operating mode that only spans 2 PRBs (RSS bandwidth) and simply uses the legacy 6 PRBs for RSS processing as well. Hence, the power consumption for measurement simply scales with increasing number of subframes processed. In order to fairly compare the performance of CRS-based measurement with RSS-based measurement, both options should use the same number of subframes (i.e., equal power consumption) to obtain a measurement value. 
Observation 1. Power consumption for RSS-based measurement and CRS-based measurement will be the same for UE implementations with an RF image that spans legacy 6 PRB. Power consumption scales with the number of subframes to process. Benefits of improvements in measurement accuracy, if any, should be viewed as trade-off with increased power consumption. 

2.2 Measurement delay
In contrast to CRS which is omnipresent, RSS is transmitted in periods of  ms. While network can configure RSS period to align with DRX cycles in IDLE mode, in RRC connected mode UE will potentially have to wait for a long time (e.g., if  ms) for an RSS burst to arrive. This may have an adverse impact on measurement delay. 
Observation 2. At least in RRC connected mode, relying on RSS-based measurement can result in increased measurement delay due to periodic nature of RSS.

2.2 Measurement accuracy
In this section, performance of RSS-based and CRS-based measurement accuracy is compared. As discussed earlier, for both methods, the same number of subframes are used for fair comparison. Moreover, up to 2 subframes of coherent processing is allowed for both CRS-based and RSS-based measurements. In these preliminary simulation results, only AWGN channel condition with 1Tx antenna is assumed. 
The metric used for measurement accuracy performance in this paper is S/(S+N) which is a bounded representation of SNR. In very low SNR conditions (which is of interest in this study), S/(S+N) and SNR are quite close. 
Figure 1 shows the performance of CRS-based and RSS-based SNR in Cat M1 (6 PRB) in a single-cell scenario with no interference with N subframes used for measurements. If N>1, 2-subframe coherent processing is used. When 1 subframe is used, RSS-based measurement outperforms CRS-based measurement in low SNR (SNR < -6 dB) due to significantly more processing gain (248 tones for RSS vs. 16 tones for CRS). With N=4 subframes, CRS-based measurement performance becomes comparable with RSS-based measurement. 
Figure 2 shows the performance in the same scenario as in Figure 1 but in Cat M2 mode (24 PRB). It can be seen that the gain of RSS-based measurement is significantly diminished compared to CRS-based measurement. The performance gap is about 1 dB for N=1 subframes for SNR < -10 dB. With N=2 subframes, both methods perform equally. 
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Figure 1 Single-cell AWGN, 1Tx, Cat M1 (6 PRB)
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Figure 2 Single-cell AWGN, 1Tx, Cat M2 (24 PRB)

Observation 3. In single cell scenarios with 1Tx AWGN channel, RSS-based measurement has an improvement over CRS-based measurement if SNR < -6 dB and N=1 subframe is used for measurement and UE is in Cat M1 mode. With N=4 subframes, the performance gap is closed. When UE is in Cat M2 mode, performance improvement is significantly diminished and seen only if SNR < -10 dB and N=1 subframe is used, When N=2 subframes are used, the performance gap is closed. 
Figure 3 shows the performance in the presence of interference in the form of a colliding neighbor cell which is always assumed to be -3 dB weaker than the serving cell. Collision occurs for both CRS (by configuring the PCID’s to be 0 and 6) and RSS (by configuring the same 2-PRB in frequency domain). The measurement accuracy of CRS-based method with respect to true S/(S+N) has improved compared to Figure 1 with negligible error for SNR>-13 dB. However, RSS-based method shows estimation errors depending on power offset. For instance, with 0 dB power offset, RSS-based method demonstrates consistent overestimation of SNR. 
It is noted that the trends shown in these figures should remain the same with increasing  as both methods use the same number of subframes for processing. Moreover, if RSS is transmitted in the central 6 PRBs, the effective number of RSS subframes is reduced as RSS transmission is dropped in PSS/SSS/PBCH subframes. CRS-based measurement will not incur this loss in processing gain. 
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Figure 3 Two colliding cells in AWGN with 1Tx, L=8, Cat M1 (6 PRB)

Observation 4. In the presence of colliding cell which is -3 dB weaker, RSS-based measurement accuracy shows estimation error regardless of its power offset while CRS-based measurement accuracy performs better compared to single-cell scenario. 
Conclusion
In this paper, we presented our views on the benefits and costs of RSS-based measurement. 
Observation 1. Power consumption for RSS-based measurement and CRS-based measurement will be the same for UE implementations with an RF image that spans legacy 6 PRB. Power consumption scales with the number of subframes to process. Benefits of improvements in measurement accuracy, if any, should be viewed as trade-off with increased power consumption. 
Observation 2. At least in RRC connected mode, relying on RSS-based measurement can result in increased measurement delay due to periodic nature of RSS.
Also based on preliminary simulation results: 
Observation 3. In single cell scenarios with 1Tx AWGN channel, RSS-based measurement has an improvement over CRS-based measurement if SNR < -6 dB and N=1 subframe is used for measurement and UE is in Cat M1 mode. With N=4 subframes, the performance gap is closed. When UE is in Cat M2 mode, performance improvement is significantly diminished and seen only if SNR < -10 dB and N=1 subframe is used, When N=2 subframes are used, the performance gap is closed. 
Observation 4. In the presence of colliding cell which is -3 dB weaker, RSS-based measurement accuracy shows estimation error regardless of its power offset while CRS-based measurement accuracy performs better compared to single-cell scenario. 
Given these observations, we propose: 
Proposal 1. RSS-based measurement should not replace CRS-based measurement and can at most augment it. 
Proposal 2. RSS-based measurement and operating regions to enable it should be a UE implementation choice. 
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