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1. Introduction

RAN1#76 agreed to support of DRS-based RSRP measurement and RSRQ-like measurement on small cell on/off [1]. This document discusses RSSI measurement on RSRQ-like measurements.
2. Discussion
How to support DRS-based RSRQ-like measurements is FFS [2]. One main discussion point is how to measure RSSI. Ideally RSSI should reflect the PDSCH traffic situation as RSRQ is intending to reflect whether the cell is congested by the interference or not. On the other hand, RSSI measurement based on the current definition is to measure RSSI in the OFDM symbol containing CRS. If the same principle is applied, RSSI is measured in the OFDM symbols containing DRS. 
To measure RSSI in the OFDM symbols containing DRS has following problems.
1) In order to reduce the measurement gap length for inter-frequency measurement and/or to reduce the UE side battery consumption, multiple cells’ DRS may be transmitted as aligned or close to aligned. Then the main component of RSSI is coming from other cell's DRS transmission and not PDSCH traffic.
2) An agreement achieved on RAN1#76bis namely ‘UE can expect DRS in DRS measurement timing configuration’. That implies DRS is transmitted regardless of small cell on or off. The small cell activity status is not reflected to RSSI measurement. 
Therefore, it is worth to consider RSSI measurement in the OFDM symbol/subframe(s) not containing DRS. This view is also shared by several companies [3-7]. 
On the other hand, as indicated in [7][8], RSSI measurement via OFDM symbol/subframe(s) not containing DRS may provide very small value in case most small cells are off. So the reliability of such small signal measurement and dynamic range are topics. Proposal in [7] is to aim relaxation of the impact of dynamic range with modified definition for RSRQ, namely RSRP is included to the denominator as in “RSRQ = RSRP / (RSRP + RSSI)”. Another approach to overcome this issue is indicated in [8], i.e., RSSI measurement via all OFDM symbol targeting to obtain RSSI value not dominated by DRS. 
Above points are reflected to alternatives in [9] as following:

· RSRQ = N×RSRP/RSSI. For RSSI measurement, down-select from the following alternatives
· Alt 1: RSRP + linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth 
· Alt 2: linear average of the total received power observed in all OFDM symbols within the measurement bandwidth
· Alt 3: linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth
· Alt 4: legacy RSSI measurement, i.e. it requires CRS transmission in discover RS  
Among those alternatives, basically Alt. 1, 2 and 4 aim to provide same or similar behavior as already existing RSRQ. Alt. 3 might have more optimized reflection of traffic condition on the frequency of interest. However, Alt. 3 would have difficulty to reuse the existing measurement to facilitate inter-frequency/inter-RAT comparison, then it requires additional RAN2 work load namely to introduce new events for measurement report triggering, even though available time until WI completion is quite limited. Another potential concern is measurement accuracy, namely measured RSSI in such way comprise not only thermal noise and interference from other cells but also interference caused by its own transmission signal in FDD or other RAT being operated in neighbour frequency then available performance depends on the situation. So Alt. 3 is not preferable from our perspective. Regarding Alt. 4, this provides a concern indicated above, namely RSRQ is dominated by other cell’s DRS transmission and not PDSCH traffic. So, following discussion would focus more on Alt. 1 and Alt. 2.

Alt. 2 calculate RSSI value via averaging over the OFDM symbols containing DRS and not containing DRS. Then its averaging effect in terms of power contribution from DRS would depend on number of symbols available for OFDM symbols not including DRS. For FDD, in case DRS comprises PSS/SSS/CRS/CSI-RS, roughly 71% (10/14) symbols contain DRS. In addition, in case DRS comprises either PSS/SSS/CRS or PSS/SSS/CSI-RS, roughly 43% (6/14) symbols contain DRS. Then RSSI is likely dominated by DRS including the ones from off cells even with averaging. Therefore, Alt. 1 is preferable. Potential extension of Alt. 1 is, as indicated above, linear average would be applied in the subframe not containing DRS, this alternative reflects traffic situation better than the one measured in the same subframe of DRS, because much overhead of DRS as above eNBs may reduce the assignment of PDSCH in the subframe containing DRS.
According to the discussion in this section, our proposal is to take either alternative from following:
Alt. 1: RSRP + linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth
Alt. 1’: RSRP + linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth on a subframe other than that for DRS transmission

3. Conclusion
We propose to take either alternative from following:

Alt. 1: RSRP + linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth; or

Alt. 1’: RSRP + linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth on a subframe other than that for DRS transmission
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