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1. Introduction

In RAN1#82 bis, solutions for synchronization and cell detection in an LAA carrier were discussed. Regarding the synchronization, the following working assumption was made [1].

As for cell detection, it was agreed that one of the following options is adopted [1].
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At the same time the following agreements were also made during DRS discussion [1].
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In this contribution we provide our views on synchronization and cell detection in LAA carrier. 
2. Synchronization
For synchronization, a baseline solution is that DRS for RRM measurement is used for coarse time/frequency synchronization and then reference signals (e.g. CRS and/or DMRS) imbedded with (E)PDCCH/PDSCH are used for fine time/frequency synchronization, as discussed in RAN1#80bis. In addition, as described above, it was agreed in RAN1#82bis that every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS. Eventually, UE can utilize PSS/SSS/CRS in subframe 0 and 5 and CRS in the other subframes as well as PSS/SSS/CRS in DRS in order to maintain the synchronization. Unless the other node’s traffic loads are extremely high and a rare DL transmission burst does not include either subframe 0 or 5 accidentally, those signals enable sufficient DL synchronization at the UE side [2].
Proposal 1:

· The following signals are provided subject to LBT by the eNB to enable DL synchronization at UE.
· DRS
· PSS/SSS/CRS in subframe 0 and 5
· other signals when present (e.g. CRS in other subframes)
3. Cell detection
3.1. Signal detection
In RAN1#82bis, it was agreed that UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe (FFS: for partial subframe) subject to LBT. The same principle can apply to an end-partial TTI, since it can be guaranteed that the end-partial TTI has OFDM symbol#0. The UE can utilize the OFDM symbol#0 CRS for some kind of cell detection purpose. For example, when the OFDM symbol#0 CRS is not detected, the UE can cancel (E)PDCCH blind decoding for a full TTI or an end-partial TTI so as to reduce power consumption. On the other hand, the OFDM symbol#0 CRS detection is not available for identifying of an initial-partial TTI, since the initial-partial TTI does not contain the OFDM symbol#0. There are several possible ways to detect the initial-partial TTI as the following:
· Option 1: The UE detects initial signal (additional SSS/PSS) transmitted in every initial-partial TTI.
· Option 2: The UE detects CRS transmitted in every initial-partial TTI.
Note that cell detection should be able to be performed with per-subframe basis, because the network should have a choice to schedule the UE who just woke up from DRX and did not detect the previous subframes within the same DL transmission burst. Hence, the initial signal detection in the initial-partial TTI is not required for reception of the full and end-partial TTIs following the initial-partial TTI. Both option 1 and 2 must work well. Given that a single subframe can carry both the initial-partial TTI and the end-partial TTI, we slightly prefer Option 1. The reason is that, with only CRS detection, the UE possibly confuses the full TTI with the combination of the initial-partial TTI and the end-partial TTI.
Proposal 2:

· Cell detection should be per-subframe basis irrespective of subframe location within a DL transmission burst.
· UE may identify the presence of an initial-partial TTI based on either one of the following signal detection:
· initial signal (additional SSS/PSS) transmitted in every initial-partial TTI,
· CRS transmitted in every initial-partial TTI.
3.2. Assistant signaling
In RAN1#82bis a set of possible new signaling in each DL subframe is proposed [3], and the discussion continued in email discussion 82b-11. 
3.2.1. 1/2 or 4/6 OFDM symbol CRS
The following approaches have been considered for LAA UE’s acquisition of CRS pattern.
· RRC configuration based
· UE blind detection based
· Dynamic signaling based
For the presence of CRS in OFDM symbol #0/#1, it is assumed that the presence is detectable by LAA UE with a sufficient accuracy. This detection could be based on received power of CRS over inter-cell interference and/or noise level. On the other hand, the detection of the presence of CRS in the other OFDM symbols depends on the CRS reception power level over an uncorrelated PDSCH reception power level, which causes more difficulty detecting the presence accurately. For the robust design, the network should notifies LAA UEs of whether 1/2 or 4/6 OFDM symbol CRS is used so that the LAA UEs can handle PDSCH/EPDCCH rate matching in the right way. The simplest way is RRC configuration as in Rel-12, but dynamic signaling could also be considered if it brings a considerable gain.
Proposal 3:

· The network should notifies LAA UEs of whether 1/2 or 4/6 OFDM symbol CRS is used.
3.2.2. Presence of end DL partial subframe
In the email discussion 82b-11 it was agreed that signaling the presence of end DL partial subframe is supported in LAA while signaling method and frequency need further study. Basically, LAA UE should monitor the signaling in every subframe if CRS in OFDM symbol #0 is detected, since every subframe could be the end partial subframe. During the email discussion some companies mentioned their views that the ending position of the end DL partial subframe is signaled via a scheduling DCI. However, when the scheduling DCI is carried by EPDCCH, the UE has to know the ending position before the EPDCCH decoding. Otherwise, the UE has to detect the EPDCCH ending position somehow. Considering a common procedure for PDCCH and EPDCCH, it is preferable the presence of end DL partial subframe is signaled independently from the scheduling DCI and the signaling also indicates a DwPTS structure for the end partial subframe. Furthermore, it is beneficial that the signaling is UE-common, since the UE for which PDSCH is not assigned in the subframe can also utilize the information about the end partial subframe structure. For example, if the UE is configured periodic CSI-RS transmission in the subframe, CSI-RS transmission can follow the DwPTS structure indicated by this signaling.
Proposal 4:

· Presence of end DL partial subframe is signaled independently from a scheduling DCI.
· LAA UE should monitor this signalling in every subframe of which symbol-#0 CRS is detected.
· Signaling the presence of end DL partial subframe also indicates DwPTS structure of the end partial subframe.
· Periodic CSI-RS transmission follows the signalled DwPTS structure, if the subframe is configured as a periodic CSI-RS subframe.
3.2.3. Number of expected DL subframes in the ongoing transmission burst
Signaling of the number of expected DL subframes in the ongoing transmission burst may provide some benefit in term of LAA UE’s channel estimation/measurement accuracy. This signaling is basically not essential, since the LAA UEs have to work well enough even when the network transmits only one subframe per DL transmission burst. However, the current assumption of cell detection is that the network relies on CRS detection at the UE side. Therefore, this signaling can be considered as a network’s option realizing for more robustness.
3.2.4. Number of subframes after end of DL transmission during which UE need not detect transmission, monitor downlink control information and perform CSI measurements
Given that UL transmissions follows a DL transmission burst in the future release network, the LAA UE will not detect DL transmissions in the UL duration. Signaling of the number of subframes during which UE need not detect transmission, monitor downlink control information and perform CSI measurements was proposed to reduce the Rel-13 LAA UE’s power consumption during those subframes. However, the benefit may be marginal, since the UE does not have to attempt decoding of PDCCH/PDSCH if the UE fails to detect symbol-#0/#1 CRS. In addition, it is still unclear how the future release network assigns LAA UL resources. Therefore, it is premature to decide to have this signaling in Rel-13.
4. Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:

· The following signals are provided subject to LBT by the eNB to enable DL synchronization at UE.
· DRS
· PSS/SSS/CRS in subframe 0 and 5
· other signals when present (e.g. CRS in other subframes)
Proposal 2:

· Cell detection should be per-subframe basis irrespective of subframe location within a DL transmission burst.
· UE may identify the presence of an initial-partial TTI based on either one of the following signal detection:
· initial signal (additional SSS/PSS) transmitted in every initial-partial TTI,
· CRS transmitted in every initial-partial TTI.
Proposal 3:

· The network should notifies LAA UEs of whether 1/2 or 4/6 OFDM symbol CRS is used.
Proposal 4:

· Presence of end DL partial subframe is signaled independently from a scheduling DCI.
· LAA UE should monitor this signalling in every subframe of which symbol-#0 CRS is detected.
· Signaling the presence of end DL partial subframe also indicates DwPTS structure of the end partial subframe.
· Periodic CSI-RS transmission follows the signalled DwPTS structure, if the subframe is configured as a periodic CSI-RS subframe.
5. References
[1] 3GPP RAN1#82bis, Chairman’s note, October 2015.
[2] R1-156245, “WF on synchronization in LAA,” LG Electronics, Motorola, Ericsson, Sharp, Qualcomm, RAN1#82bis
[3] R1-156371, “WF on signaling in LAA DL subframes,” Qualcomm, Ericsson, Huawei, HiSilicon, CATT, NTT Docomo, Nokia Networks, RAN1#82bis
Working assumption:


Adopt one of the following options for achieving synchronization in addition to synchronization provided by DRS:


Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst. 4 CRS-port 0 OFDM symbols are transmitted in at least the first subframe of DL transmission burst 


Option 2: 4 CRS-port 0 OFDM symbols are transmitted in a subframe


The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.





Agreements:


Adopt one or some of the following options for detecting transmissions (except for partial subframe) from a serving cell:


Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst


Option 2: 1 CRS-port 0 (+ 1) OFDM symbols are transmitted in every subframe


Option 3: Detecting (E)PDCCH when scheduled





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 


Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)


Note: UE is not required to perform cell detection for RRM measurements (i.e., RSRP/RSRQ) outside of the configured DMTC


The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.


FFS: Changes to scrambling for SSS/CRS
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