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1
Introduction
The Study Item “Study on Licensed-Assisted Access using LTE” was approved in RAN#65. The Study aims at determining a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. As a natural starting point, commonality with existing functionalities should be maximized, when possible. 
One particular aspect with operation on unlicensed spectrum is the need to co-exist with other equipment on the same carrier. As discussed in [1,] [2], and [3] in order to comply with certain regulatory requirements, eNodeBs and UEs transmitting on unlicensed bands will need to perform Listen-Before-Talk (LBT) / Clear Channel Assessment (CCA) procedures before being permitted to transmit. This inherently means that when the channel is deemed to be occupied, the eNodeBs and UEs must suspend their transmission. In other words, licensed assisted access using LTE must support dynamic (subframe level or faster) ON/OFF switching of transmission. In this contribution we discuss the implications of dynamic ON/OFF switching on LTE LAA system design taking the existing regulatory framework into account.   
In RAN1 LTE LAA AdHoc meeting (Paris, April 2015), several agreements related to DRS were reached: 

Agreements:
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion

Agreements:
· Design targets of LAA DRS includes at least

· LAA DRS should at least support for RRM measurement

· Detection of DRS from a cell based on a single DRS occasion

· Feasibility is for further evaluation

· Transmission burst containing DRS signals should consist of continuous OFDM symbols

· FFS: How to realize contiguous OFDM symbol transmission 

Agreements:
· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS

· Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC

· Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds

· Modifications to Rel-12 DMTC configuration are FFS

· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC

In this contribution we discuss the further design targets for LAA DRS.

2
Discussion
It is generally well understood that unnecessary transmissions on unlicensed carriers need to be kept at minimum level in order to avoid interfering other devices or access point operating on the same carrier frequency. Furthermore, LBT requirements mean that the eNodeBs and UE operating on unlicensed carrier may need to stop transmission from time to time to monitor whether the channel is available, and if not, suspend transmission for the duration of one or more subframes. Listen-Before-Talk requirements may need to be applied on DRS transmissions too. Alternatively, in some regions such as Europe, it may be possible to transmit DRS without a need to first perform LBT. ETSI Standard EN 301 893 defines that Short Control Signal (SCS) transmissions are not subject to CCA, i.e. SCS can be transmitted regardless of whether the channel is observed to be unoccupied or not. ETSI Standard EN 301 893 defines Short Control Signal Transmissions as follows:

Definition 

Short Control Signalling Transmissions are transmissions used by Adaptive equipment to send management and control frames (e.g. ACK/NACK signals) without sensing the channel for the presence of other signals. 

NOTE: It is not required for adaptive equipment to implement Short Control Signalling Transmissions. 

Limits 

If implemented, Short Control Signalling Transmissions of Adaptive equipment shall have a maximum duty cycle of 5 % within an observation period of 50 ms.
 In the following we discuss how LBT requirements impact DRS design for LTE LAA and propose further design targets for LAA DRS.
2.1 LAA DRS transmissions with LBT
As discussed above, SCS framework provides a way to guarantee regular transmission of signals necessary for cell search, time frequency synchronization and tracking as well as RRM measurements. However, Japanese regulatory requirements (see e.g. [5]) do not recognize LBT-exempt transmission such as SCS, but instead all transmissions are subject to LBT/Carrier Sense. Therefore, using SCS for keeping the UE synchronized to the network (as discussed in the previous section) can be applied in all regions world-wide – except in Japan.

An agreement from RAN1 LTE LAA AdHoc highlights two options for LAA DRS transmission subject to LBT.

Alternative 1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC. This option is illustrated in Figure 1. This can be seen as the simplest option. The Rel-12 DRS/DMTC configuration functionality can be maximally reused, as the only major change is that the DRS (denoted in the figure as eDRS “enhanced DRS”) and not transmitted when prevented by negative LBT. The drawback of this option is that in the presence of co-channel interferers, the transmission of LAA DRS may be not be possible very often. On the other hand,  
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Figure 1. Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC
Alternative 2: If LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds. This option is illustrated in Figure 2. The difference compared to Alt 1 is that there are multiple LAA DRS transmission opportunities within each DMTC period. In case the LAA DRS cannot be transmitted at its nominal location as configured, the eNodeB may keep on monitoring the channel for some time, and in case the channel becomes vacant, transmit LAA DRS during e.g. the 6-ms DMTC occasion. Alt 2 may further be divided into two subcategories, depending on whether the DRS transmission must be subframe aligned with the PCell (Alt 2a), or not (Alt 2b).  
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Figure 2. Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds
When comparing Alternatives 1 and 2, one can observe that Alt 1 is the simplest option retaining most of the Rel-12 DRS functionality, and be considered as the baseline. It should be further evaluated how much benefit can be obtained by extending the LAA DRS configuration definition to allow for Alt 2 type of operation. Alt 2 has a slight drawback that UE cannot in the case of serving cell measurement make use of known PCell timing to the same extent as with Alt 1, making it more complicated to utilize DRS for e.g. time/frequency synchronization. This is in particular the case with Alt 2b. Irrespective of which alternative is in the end chosen, it may make sense to introduce shorter DMTC periodicities (e.g. 20 ms) for LAA DRS to alleviate the impact of LBT and dropped LAA DRS transmissions.

Observation #1. Alternative 1 (DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC) can be seen as the baseline for LAA DRS transmission. It needs to be further studied if more than one DRS transmission opportunity within a DMTC occasion is needed.

2.2 Further Design Targets for LAA DRS
In addition to DMTC configuration and procedure, Listen-Before-Transmit requirements impact the design of (e)DRS occasion as well. Two key aspects were identified in RAN1 LTE LAA AdHoc:

One shot LAA DRS measurements: The fact that DRS may need to be dropped from time to time has a direct impact on the latency of RRM measurements. In Rel-12, according to RAN4 performance requirements time domain averaging of several DRS samples is allowed for. However, in LAA the LBT requirements meant that time interval between consecutive DRS transmission occasions may not be constant and will in general increase. To be able to provide as timely RRM measurements as possible, it makes sense to strive for one-shot RRM measurements, and take that into account when designing the LAA DRS structure.    
Time-continuous DRS transmission: The LBT principle puts a new type of requirement on the design of eDRS: it needs to be preferably contiguous in time. If eDRS was not time-contiguous (i.e. it would contain transmission gaps, empty OFDM symbols), another transmitter in the unlicensed channel could detect this gap as an idle (unoccupied) channel, start a transmission and potentially hamper reception of eDRS at LAA UEs.
The need to perform LBT already creates a possibility that eDRS cannot be transmitted; it would therefore be a waste to let a valid eDRS transmission be interfered or interrupted by a competing transmission. Moreover, assuming the eNodeB needs to perform LBT prior to every transmission, a gap in the eDRS means that the eNodeB would need to perform LBT not only before the start of the eDRS transmission, but also during the gap, which hardly makes sense. Considering the Rel-12 DRS structure illustrated in Figure X, it is apparent that the empty OFDM symbols #1,2,3, and 8 would cause issues with respect to LBT requirements. Hence it is clear that Rel-12 DRS design is not suitable for LTE LAA without at least some modifications.
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Figure X. The structure of Rel-12 DRS, 1st subframe of the DRS occasion (FDD).

In addition to the two design targets discussed above, further ones can be identified as well. In the following we discuss these aspects. 

2.2.1 Duration of LAA DRS Occasion

In Rel-12, the time duration of DRS occasion is configurable and varies from 1 ms up to 5 ms. However, in the case of LAA, larger DRS occasions have clear drawbacks.

In general, one cannot always assume that the LAA network nodes transmitting DRS are always synchronized. While this obviously is the case for LAA SCells having the same PCell, the PCell layer may or may not be synchronized. Furthermore, different operator’s networks cannot typically be assumed to be synchronized with respect to each other. This results in a situation where a DRS transmission from one LAA node may block the transmission from another one. The larger the LAA DRS duration, the more severe the problem is. Therefore, it is clear that shorter DRS occasion duration are preferred for LTE LAA.

Additionally, it is preferable to take into account in LAA DRS design the possibility of transmitting LAA DRS in line with the regulatory requirements set for SCS. A duty cycle of 5% measured over 50 ms period means that the total time that the LAA DRS may occupy the channel during any 50 ms period is 2.5 ms. Therefore the resulting maximum duration for different LAA DRS periodicities can be calculated:

- 50 ms LAA DRS periodicity or larger ( at max one LAA DRS occasions within a 50 ms window ( max duration of a LAA DRS occasion is 2.5 ms  

 40 ms LAA DRS periodicity ( at max two LAA DRS occasions within a 50 ms window ( max duration of a LAA DRS occasion is 2.5/2 = 1.25 ms  

- 20 ms LAA DRS periodicity ( at max three LAA DRS occasions within a 50 ms window ( max duration of a LAA DRS occasion is 2.5/3 = 0.83 ms

In principle, shorter LAA DRS periodicities are preferred as they allow for more timely measurement and reporting. Moreover, in case SCS rule do not apply, LBT needs to be performed prior to transmission of every LAA DRS occasion. This motivates configuring LAA DRS transmission to take place rather frequently to ensure that LAA DRS are transmitted sufficiently often even if some of the periodic LAA DRS instances cannot be used due to LBT. Hence, LAA DRS occasion duration shorted than 1 ms is beneficial and preferred in key scenarios, and should be one design target for LTE LAA.  

Proposal #1: LAA DRS occasion duration shorter than 1 ms should be one design target for LAA DRS.  
2.2.2 Detailed LAA DRS Design

An agreement from RAN1#79 indicates “Rel-12 DRS can be the starting point for at least RRM measurement including cell identification”. This, i.e. reusing PSS/SSS/CRS + CSI-RS  is a natural choice as the deployment scenario in LAA is very similar to the one considered in Rel-12 Small Cell studies (i.e. dense small cell layer aggregated with a macro layer on another carrier). As discussed above, LAA has still certain characteristics, mainly resulting from LBT requirements, making it not feasible to apply Rel-12 DRS without modifications. At the same time, we see that the modifications compared to Rel-12 DRS should be well justified and avoided when possible.
We see that one design target for LAA DRS is that it should be easily multiplexed with data and control channels as well as other reference signals in case LAA eNB has a valid transmission opportunity (TxOP). This comes from the fact that even if an LAA eNodeB is transmitting PDSCH data, LAA UEs in the same or nearby cells may still need to perform RRM measurements, cell detection etc. Practical experience from 3GPP suggests that we should avoid redesigning existing physical channels reference signals as much as possible. Such exercise could be very time consuming, due to numerous inter-dependencies within and between the 3GPP specifications. Therefore it is preferred that each sub-1 ms LAA DRS occasion includes (a subset of) the same resource elements as legacy PSS/SSS/CRS and CSI-RS in Rel-12 DRS. If it is deemed that the resulting CRS RE density is not sufficient for the purpose of RRM measurements and cell detection, LAA DRS could be extended to cover REs corresponding to additional CRS antenna ports too.   
Proposal #2: LAA DRS occasion includes at least (a subset of) the same resource elements as legacy PSS/SSS/CRS and CSI-RS in Rel-12 DRS. 
- If it is deemed that the resulting CRS RE density is not sufficient for the purpose of RRM measurements and cell detection, LAA DRS could be extended to cover REs corresponding to additional CRS antenna ports.
3
Conclusion
In this contribution we discussed further DRS design aspect especially related to the implications imposed by LBT requirements. We make the following observation and proposals.
Observation #1. Alternative 1 (DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC) can be seen as the baseline for LAA DRS transmission. It needs to be further studied if more than one DRS transmission opportunity within a DMTC occasion is needed.

Proposal #1: LAA DRS occasion duration shorter than 1 ms should be one design target for LAA DRS.  
Proposal #2: LAA DRS occasion includes at least (a subset of) the same resource elements as legacy PSS/SSS/CRS and CSI-RS in Rel-12 DRS. 
- If it is deemed that the resulting CRS RE density is not sufficient for the purpose of RRM measurements and cell detection, LAA DRS could be extended to cover REs corresponding to additional CRS antenna ports.
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