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1 Introduction

In RAN1 #82bis meeting, many agreements on DRS design were achieved as following [1]. In this contribution, further considerations and analysis on remaining issues of DRS design are provided. 
Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.

· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.

· FFS: Partial TTI in SF0 and SF5

· FFS: Changes to scrambling for SSS/CRS 
· The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)

· DRS occasion duration is 12 symbols

· NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured

· A DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us

· The total duration of the DL transmission burst is not longer than 1 ms (i.e. x = 0 from previous agreement)
· FFS: ED threshold used

· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12

· FFS: Aperiodic subframe case

· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM

· UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC

2 Remaining details of DRS design for LAA
2.1 Candidate subframes within DMTC for DRS transmission without PDSCH

As already agreed that the DRS without PDSCH could be transmitted in one of different time positions (not limited to subframe #0 and #5) within the DMTC, and the DRS patterns in all candidate DRS subframes within the DMTC are the same to reduce the detection complexity, therefore, all the 6 subframes within a DMTC could be candidate DRS subframes. One issue is that if the DRS is transmitted in the first subframe within the DMTC and the measurement gap and the DMTC fully overlap, the UE would miss receiving at least the CRS in the first symbol of the DRS subframe due to the RF tuning time. However, this only impacts the inter-frequency measurements and might not impact the measurement results seriously. Alternatively, eNB could also configure the measurement gap one subframe earlier than the DMTC by implementation. 

Proposal 1: All the 6 subframes within a DMTC could be candidate DRS subframes without PDSCH. 

2.2 DRS and PDSCH multiplexing in subframes other than #0 and #5

Generally, multiplexing of PDSCH and DRS could be triggered by the successful CCA for PDSCH category 4 LBT. On the other hand, if the CCA of the DRS first succeeds, the CCA counter for the PDSCH should be frozen during the transmission of the DRS occasion without PDSCH. One case is that if the transmission opportunity of the DRS in subframe #0 is lost and then PDSCH CCA succeeds before subframe #1, then it may be reasonable to transmit PDSCH and DRS in subframe #1, although the eNB could choose to transmit DRS only. However, this would introduce many issues. 

Firstly, even if subframe #0 is lost due to unsuccessful CCA, subframe #5 may also exist in the DMTC for multiplexing DRS with the PDSCH, so the eNB may start the transmission of a DL transmission burst and wait to send the DRS later in the burst. Thus the performance benefit of spectrum efficiency is not attractive. 
Secondly, by permitting PDSCH and DRS multiplexing in subframes other than #0 and #5, one needs to consider how a UE would know the RS pattern for PDSCH rate matching. It is better to avoid that the UE has to blindly detect which RS pattern should assume for PDSCH rate matching, in order not to pollute the UE HARQ buffer in case of the blind detection error. 

Thirdly, the issue of SS/RS scrambling and UE implementation becomes more complicated. Specifically, the UE may need to blind detect the CRS twice with two scrambling hypothesis in the subframes other than #0 and #5 within the DMTC, one based on subframe #0/5 and one based on actual subframe index. Or the UE should always assume the CRS/CRS-RS scrambling based on subframe #0 within the DMTC, no matter the PDSCH multiplex with DRS or not. In summary, allowing DRS and PDSCH multiplexing in subframe other than #0 and #5 causes much standard effort and UE implementation effort, but the spectrum efficiency gain is not attractive.
Proposal 2: Don’t allow DRS and PDSCH multiplexing in subframes other than #0 and #5. 

2.3 SSS/RS scrambling in subframes other than #0 and #5 for DRS transmission 
Another issue is that considering that DRS can be transmitted in every subframe in the DMTC, a UE cannot derive the radio timing from the SSS sequences originally transmitted only in subframe #0 and #5. Therefore, for the neighbouring cell measurements, the UE cannot determine the CRS/CSI-RS sequences scrambled with the slot number. To let the UE know the radio timing, one alternative is using different SSS sequences or resource mapping patterns linked with its transmitted subframes. However, this would complicate the UE detection behaviour which is different from the normal cell search procedure and therefore is not preferred. Another alternative is to remove the slot number based scrambling to the RS sequences, which may be only applicable to the DRS candidate subframes within the DMTC. For example, the legacy SSS in subframe #0 is transmitted when the SSS in the DRS is transmitted in subframes other than #0 and #5, and the CRS/CSI-RS scrambling in subframes other than #0 and #5 containing the DRS is based on the scrambling scheme in legacy subframe #0. With this solution, the UE could detect the frame timing if it detects the SSS as DRS in subframe #5. 
Proposal 3: The legacy SSS in subframe #0 is transmitted when the SSS as the DRS is transmitted in subframes other than #0 and #5 within the DMTC, and the CRS/CSI-RS scrambling in subframes other than #0 and #5 containing the DRS is based on the scrambling scheme in legacy subframe #0 within the DMTC. 
2.4 DRS transmission in partial subframes 

Figure 1(a) illustrates an issue of partial DRS transmission in subframe #0 or #5 with PDSCH at the beginning of a data burst. Assuming that PDSCH CCA succeeds just after the candidate DRS starting point in the same subframe, then a partial-subframe PDSCH could be transmitted. If this subframe is #0 or #5, then the cell should transmit PSS/SSS. However, UEs taking neighbour cell DRS measurements for this subframe would not know that this is a partial subframe. These UEs would then miss some part of the DRS at the beginning of the subframe, which would lead to wrong RRM measurement results, since normally the UE determines whether the DRS is transmitted by detecting the existence of the PSS/SSS as DRS but may not be detecting the CRS in every CRS symbols of the DRS occasion. The issue could be solved by either not allowing such kind of partial-subframe PDSCH scheduling in the candidate DRS subframes 0 and 5, or not allow one candidate PDSCH symbol starting between symbol #0 to symbol #7. The former solution would bring scheduling restrictions for PDSCH and therefore is not preferred. The latter solution is preferred and the candidate PDSCH symbol could be symbol #7 [2]. 
Proposal 4: Do not allow one candidate PDSCH symbol starting between symbol #0 to symbol #7 for a partial subframe at the beginning of a data burst. 
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(a) Issue for DRS in partial subframe at the beginning of a data burst
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(b) Issue for DRS in partial subframe at the end of a data burst

Figure 1. Issue of partial DRS
Figure 1(b) illustrates an issue of partial DRS transmission in subframe #0 or #5 with PDSCH at the end of a data burst. As agreed in [1], a DL transport block in the last subframe of a data burst can be transmitted using DwPTS structure. UEs taking neighbour cell DRS measurements for this subframe would not know that this is a partial subframe. If the length of the DwPTS is less than 12 OFDM symbols, these UEs would then miss latter part of the DRS  e.g, CRS in OFDM symbol #11, which would lead to wrong RRM measurement results. To avoid the confusion of the neighboring cell, the PSS/SSS in the DRS should  not be transmitted if the length of the ending partial subframe is less than 12 OFDM symbols. Note that the DwPTS configuration in such a last partial subframe should be commonly indicated to UEs in the serving cell, so UEs in the serving cell would not detect the PSS/SSS in such cases. This also applies to the case where the last subframe of the DL transmission burst containing PDSCH ends in subframe #0/5 outside of DMTC.
Proposal 5: A UE assumes that the PSS/SSS is not transmitted in the last subframe of a data burst if the last subframe is subframe #0 or subframe #5 and if the length of the last subframe of the data burst is shorter than 12 OFDM symbols.
2.5 DRS occasion overlapping with periodic subframes configured for CSI-RS/IM

An LAA UE will be configured with periodic CSI-RS/CSI-IM occasions (subject to LBT) by RRC, where the period is chosen to provide sufficient support for channel variations with typically 5 ms or 10 ms period. In addition, it would be useful to allow the transmission of additional CSI-RS/CSI-IM outside these periodic occasions in order to compensate for cases where LBT would prevent transmission in a periodic occasion but the cell needs some recent CSI information from the UE. Defining periodic CSI-RS/CSI-IM occasions aligned with the period of the DRS would only be able to provide additional occasions at most every 40 ms, and in some cases only every 80 ms or 160 ms in the DMTC. It would be more useful to allow for opportunistic transmission of aperiodic CSI-RS/CSI-IM anywhere even outside the DMTC. So we don’t consider configuring CSI-RS/CSI-IM for CSI measurements as part of the DMTC.
The transmission of opportunistic CSI-RS/CSI-IM should be defined in a generic way that could apply within and outside the DMTC. One question was raised for handling overlap of CSI-RS/CSI-IM resources configured or triggered for CSI measurements with the transmission of DRS in the DMTC. When a configured or triggered periodic CSI-RS/CSI-IM occurs in the same subframe as the DRS, there should be no ambiguity for the UE unless the CSI-RS resource(s) configured for RSRP measurements in the DRS overlap with the CSI-RS/CSI-IM configured or triggered for CSI measurements. It would be useful to define UE behaviour to handle this type of collisions.
There were proposals to allow moving a periodic CSI-RS/CSI-IM occasion along with the DRS within the DMTC if the periodic occasion was not successful with a category 4 LBT but the short LBT for DRS succeeded in a subsequence subframe. While this is a possibility, it only allows adding opportunistic transmissions of CSI-RS/CSI-IM within the DMTC, and as explained above it would be more useful to define a more generic procedure for aperiodic CSI-RS/CSI-IM triggering.

Another question worth answering is whether to allow the transmission of CSI-RS/CSI-IM in a DRS subframe where access to the channel was obtained with a short LBT, i.e. without PDSCH. Given that a UE would only detect the DL transmission burst based on the blind detection of CRS, the UE would not know whether access to the channel was obtained by a category 4 LBT or a short DRS, so transmitting the CSI-RS/CSI-IM as configured for CSI measurements should be allowed if it occurs in a subframe with DRS. This should apply to both the periodic CSI-RS/CSI-IM occasions as well as to triggered CSI-RS/CSI-IM. If any control signalling is needed in PDCCH for a triggered CSI-RS/CSI-IM, it could also be sent in the same subframe, and the UE would naturally be looking for the control channel. Once a UE detects a serving cell’s transmission by detecting the CRS of the DRS, then the UE may assume that the configured or triggered CSI-RS/CSI-IM are transmitted in this subframe if configured or triggered accordingly. This is of course applicable to the serving cell’s CSI-RS/CSI-IM, not to neighbour cell’s CSI-RS/CSI-IM.
Proposal 6: A UE may assume that CSI-RS and CSI-IM configured or triggered for CSI measurements are transmitted in a subframe where the UE’s serving cell’s DRS are detected (whether access to the channel was obtained by the DRS CCA procedure or a category 4 LBT) if:

· A periodic occasion of CSI-RS/CSI-IM occurs in the subframe where DRS is transmitted.
· Aperiodic CSI-RS/CSI-IM is triggered in the subframe where DRS is transmitted.
Proposal 7: If the UE determines that the CSI-RS of the DRS and the CSI-RS/CSI-IM configured or triggered for CSI measurements are colliding in the same subframe, the UE may measure both RSRP and CSI as if there was no collision.
2.6 Energy detection threshold for DRS transmission

As agreed in [1] that UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC, it is better to keep the energy detection (ED) threshold for DRS transmission constant to achieve the constant DRS transmission power and coverage. There is no specific reason to have an ED threshold value of DRS transmission not equal the ED threshold of data transmission. 
Proposal 8: Keep the energy detection (ED) threshold for DRS transmission constant, and the ED threshold rules for DRS transmission are the same as for data transmission. 
3 Conclusion

In this contribution, further considerations and analysis on remaining issues of DRS design are provided, including time contiguous DRS structure design which is related to the one-shot cell detection and RRM measurement, DRS transmission within the DMTC and DRS LBT scheme. Finally, proposals are listed as following: 
Proposal 1: All the 6 subframes within a DMTC could be candidate DRS subframes without PDSCH. 

Proposal 2: Don’t allow DRS and PDSCH multiplexing in subframes other than #0 and #5. 

Proposal 3: The legacy SSS in subframe #0 is transmitted when the SSS of the DRS is transmitted in subframes other than #0 and #5 within the DMTC, and the CRS/CSI-RS scrambling in subframes other than #0 and #5 containing the DRS is based on the scrambling scheme in legacy subframe #0 within the DMTC. 
Proposal 4: Do not allow one candidate PDSCH symbol starting between symbol #0 to symbol #7 for a partial subframe at the beginning of a data burst. 

Proposal 5: A UE assumes that the PSS/SSS is not transmitted in the last subframe of a data burst if the last subframe is subframe #0 or subframe #5 and if the length of the last subframe of the data burst is shorter than 12 OFDM symbols.
Proposal 6: A UE may assume that CSI-RS and CSI-IM configured or triggered for CSI measurements are transmitted in a subframe where the UE’s serving cell’s DRS are detected (whether access to the channel was obtained by the DRS CCA procedure or a category 4 LBT) if:

· A periodic occasion of CSI-RS/CSI-IM occurs in the subframe where DRS is transmitted.
· Aperiodic CSI-RS/CSI-IM is triggered in the subframe where DRS is transmitted.
Proposal 7: If the UE determines that the CSI-RS of the DRS and the CSI-RS/CSI-IM configured or triggered for CSI measurements are colliding in the same subframe, the UE may measure both RSRP and CSI as if there was no collision.
Proposal 8: Keep the energy detection (ED) threshold for DRS transmission constant, and the ED threshold rules for DRS transmission are the same as for data transmission. 
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