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1. Introduction

During LAA WI phase, DRS designs for LAA are discussed. In RAN1#82, the following working assumption about multiplexing of DRS and PDSCH was made [1].
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The following agreements about DRS transmission also were made in RAN1#82 [1].
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Moreover, the following conclusions for DRS design also were made in RAN1#82 [1].
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In this contribution we provide our views on DRS design for LAA.
2. DRS structure for LAA
Two types of candidate DRS structure were considered in RAN1#82. One is reusing Rel-12 DRS structure for FDD as shown in Figure 1 (a). In this structure DRS consists of PSS/SSS, CRS and CSI-RS. The other is using only 4 OFDM symbols with PSS/SSS/CRS (e.g. in symbols #4-#7) as shown in Figure 1 (b). CSI-RS is not included in this structure. Rel-12 DRS was designed to be transmitted from several cells at the same time. In dense scenarios, CSI-RS brings an effective multiplexing ability without increasing of inter-cell interference as CSI-RS can be configured to coordinate among neighbour cells. Considering frequency reuse 1 operation is a key aspect even for LAA, from the perspective of overhead and UE’s power consumption, multiple LAA DRS from different nodes should also be able to be transmitted at the same time. Therefore, DRS structure reusing Rel-12 is superior to that using only 4 OFDM symbols from the perspective of operating frequency reuse 1.
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Figure 1: Two types of candidate DRS structures
The biggest difference of an LAA carrier from a legacy carrier is the need of LBT procedure. In LAA carrier, the LBT procedure is requires even for a DRS transmission. In general, DRS is transmitted with a long time cycle so as not to increase overhead. The network has to suspend the DRS transmission for quite a long time when the network fails to get a channel access at a DRS instance. Therefore, as described in TR36.889 [2], the DRS design for LAA should allow support for RRM measurement based on a single DRS occasion, namely one shot RRM measurement. To realizing for an accurate measurement, a possible solution is to increase a density of signals contained in DRS.
There are some issues if Rel-12 DRS is transmitted in unlicensed carrier. Figure 2 shows a structure of Rel-12 DRS. As Rel-12 DRS consists of PSS/SSS, CRS and CSI-RS, any signal in DRS is not transmitted in OFDM symbol #1-#3, and #8. The LBT also requires contiguous transmissions in time domain once the eNB obtain a channel access. Otherwise, another node may take over the transmission opportunity and, after that, the remaining part of the DRS can be no longer transmitted. Furthermore, some regional regulation requires that bandwidth of transmission signal in unlicensed bands be wide enough (e.g. 80% of channel bandwidth) in frequency domain. Although OFDM symbols containing CRS or CSI-RS fulfils this requirement, a transmission of additional signals is needed on the OFDM symbols which carry PSS/SSS, since PSS/SSS exists only within the centre 6 PRBs.
Thus, additional signals are needed in DRS for both occupying empty resources and improving measurement performance.
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Figure 2: Structure of Rel-12 DRS
To occupy unused frequency resources, two options can be considered. One option is to fill the unused resources by wideband RS such as CRS or CSI-RS. For example, OFDM symbol #5 and #6 can be occupied widely in frequency domain if it is allowed that CRS or CSI-RS are present in all PRBs expect the central 6 PRBs in which PSS/SSS is present. The other option is to repeat PSS/SSS in other REs besides the central 62 REs. Although the current PSS/SSS are transmitted using only central 62 REs, additional PSS/SSS can located repeatedly in the frequency domain.
To fill in empty OFDM symbols, there are also several options. The first option is to fill them with CRS. Its pattern/sequence may be the same as on OFDM symbol #0 or #4. It can improve RRM measurement performance since it increases a density of CRS resources. The second option is to fill them with CSI-RS. Especially, CSI-RS may be suitable to fill a set of two consecutive OFDM symbols, e.g. OFDM symbols #2 and #3. It is beneficial to increase the number of possible CSI-RS locations for increasing reuse factor as well as for improving measurement performance. The third option is to occupy with PSS/SSS-like synchronization signals. It may also help a fine synchronization though it needs to be extended to whole system bandwidth.

Proposal 1:

· Rel-12 DRS structure should be a baseline for LAA DRS.
· Additional signals on top of the existing PSS/SSS/CRS/CSI-RS should be contained in LAA DRS to occupy time/frequency resources.
3. Multiplexing of DRS and PDSCH
In RAN1#82, it was taken as a working assumption that DRS and PDSCH can be multiplexed and transmitted within a subframe. In our view, it is natural to agree this principle for LAA DRS, since in Rel-12 DRS the network is allowed to transmit DRS and PDSCH in one subframe. In addition, even if some operator finds some issue on multiplexing of LAA DRS and PDSCH in their operation, they have a choice not to schedule any PDSCH in DRS occasions. Therefore, we prefer confirming the working assumption.
Proposal 2:

· Confirm the following working assumption:

· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH
As discussed in the previous section, additional signals, which is not transmitted outside of DRS occasion, should be included in LAA DRS. Those additional signals have a large impact on the number of available REs for the PDSCH transmission, since those signals need to satisfy requirements on time/frequency occupancy. Therefore, all signals (including the additional signals) in LAA DRS should be considered for PDSCH rate matching.
Proposal 3: 
· All signals contained in LAA DRS should be considered for PDSCH rate matching. 
4. Conclusion
In this contribution, we present our views on DRS design and propose the following: 
Proposal 1:

· Rel-12 DRS structure should be a baseline for LAA DRS.

· Additional signals on top of the existing PSS/SSS/CRS/CSI-RS should be contained in LAA DRS to occupy time/frequency resources.
Proposal 2:

· Confirm the following working assumption:

· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH
Proposal 3: 
· All signals contained in LAA DRS should be considered for PDSCH rate matching. 
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Working assumption:


In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH


FFS how to multiplex DRS and PDSCH in a same subframe 


FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 





Agreements:


Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,


Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)


FFS: Duration of the DRS occasions when the duration is less than 1 ms


FFS: case where duration of the signal in DRS is 1 ms or longer


Allow DRS transmission in subframe other than #0 and #5


Position of DRS in a subframe is the same for all candidate subframes in the DMTC


Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS


Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS


Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS


FFS: other alternatives





Conclusions:


Companies are encouraged to evaluate followings until the next RAN1 meeting:


RRM measurement performance for DRS:


Single shot cell detection performance


Single shot RSRP measurement performance


Candidate DRS structures with one or two CRS port(s):


Rel-12 DRS for FDD


4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)


Also study the above cases when:


PSS and SSS are repeated in frequency domain


PAPR should be evaluated


PSS and SSS are repeated in time domain


Only SSS is repeated in time domain in the DRS subframe


The minimum transmission bandwidth is 5 MHz


This does not preclude measurement on 6 PRBs


The transmission periodicity is the same as Rel-12 DRS


Note that other DRS structures are not precluded
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