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1 Introduction
In RAN#68, a work item was agreed for licence assisted access (LAA). In this contribution we provide an overview of the necessary additional requirements for UE measurements.
2 Discussion

RAN1 and RAN2 have discussed RRM aspects of LAA during the study item phase and their considerations may be seen from the technical report [1]
	7.2.1.2
RRM measurements and reporting

The Rel-12 Discovery Reference Signals (DRS) can be used as a starting point for providing RRM functionality including cell identification. Some modifications on Rel-12 DRS signal and/or transmission/reception may be necessary to support RRM functionality for LAA.

DRS Design

The Rel-12 DRS were designed to support small cell on/off where SCells that are not activated for any UEs may be turned off except for periodic transmissions of DRS. The transmissions of the DRS occur in DRS occasions that may have a periodicity of 40, 80 or 160 ms. The signals comprising the DRS include the PSS, SSS, CRS and optionally the CSI-RS. The UE is configured with a discovery measurement timing configuration (DMTC) which is a time window within which the UE can expect the DRS to be received. While the DRS occasion may occur anywhere in the DMTC, the UE may expect the DRS to be transmitted from a given cell so that the duration between successive DRS transmissions is fixed (40, 80 or 160 ms). 

The use of the Rel-12 DRS on a carrier in unlicensed spectrum may have some new constraints. Listen-before-talk requirements in some regions may allow the DRS to be transmitted as a short control transmission without LBT. However, short control transmissions without LBT are not allowed in some regions, e.g., Japan. Therefore, DRS design for LAA should allow DRS transmissions on an LAA SCell to be subject to LBT.

If LBT is applied to DRS transmissions, there will be some instances where the DRS is not able to be transmitted in a periodic manner as in the case of the Rel-12 DRS transmitted on a cell in licensed spectrum. The following two options may then be considered for DRS design for LAA.

1)
Subject to LBT, DRS is transmitted in fixed time position within the configured DMTC
2)
Subject to LBT, DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC
For the second alternative, the number of time positions may be limited with one possibility being a single time position in a subframe. It should be noted that the transmission of DRS within the DMTC does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC if this is beneficial. The two alternatives above are shown in Figure 7.2.1.2-1. 
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Figure 7.2.1.2-1: LAA DRS design options

When a UE performs RRM measurements based on the DRS in Rel-12, measurements from multiple DRS occasions may be used to generate a single measurement. When DRS is used in LAA, it cannot be guaranteed that the DRS will be transmitted in a particular location in time due to LBT constraints as described above. If the UE assumes the presence of the DRS when the DRS were actually not transmitted by the eNB, this could lead to degradation of the quality of measurements being reported by the UE. Hence, LAA DRS design should allow the UE to be able to detect the presence of DRS from a cell based on a single DRS occasion. This would allow the UE to ensure that only DRS occasions that were successfully detected are incorporated into the measurements being performed. It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion.

The signals comprising the DRS in Rel-12 do not ensure that the DRS transmissions are contiguous in time. That is, there may be some OFDM symbols where no physical signal is transmitted if there are no data transmissions in the subframes carrying the DRS. When operating in unlicensed spectrum, other coexisting nodes can potentially sense the channel to be idle in these silent periods within the DRS transmissions and assume that the channel is free. This can then lead to collisions between the transmissions from such coexisting nodes and the ongoing DRS transmissions. In order to avoid this, it is beneficial for LAA DRS design to ensure that transmission bursts containing DRS signals should consist of contiguous OFDM symbols where some signals are transmitted.

In unlicensed bands, it is possible for multiple LAA operators to be using the same carrier which is not typical in licensed bands. Thus, it may be possible for a UE to be receiving signals from two different cells belonging to two different operators on the same carrier. For such situations, it may be observed that the UE physical layer cannot distinguish Rel-12 DRS transmitted from cells that belong to different operators based on signals in the Rel-12 DRS alone. 

…
7.2.2.5
RRM measurement and reporting
In Rel-12, discovery reference signals (DRS) were introduced in order to allow a cell to alternate dynamically between On and Off states. As illustrated in Figure 7.2.2.5-1, Rel. 12 DRS works by configuring the UE with a DMTC (discovery measurement timing configuration) which includes subframes on which the UE performs RRM measurements. The UE may not assume transmission of reference signals outside of the configured subframes.
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Figure 7.2.2.5-1: DRS transmission pattern for FDD 
With DRS as the starting point, from an RRC protocol point of view, it is considered feasible to perform the RRM measurement and reporting for LAA. RRM measurements (e.g. RSRP/RSRQ) on LAA cells can be used to configure, activate, de-configure LAA cells (as for SCells on licensed carriers). The eNB configures the UE with a Measurement Object with a single DRS configuration for each configured LAA SCell. It is assumed that the UE’s physical layer will only report valid RSRP/RSRQ measurement samples to RRC (i.e., L1 should not provide samples when DRS transmission was blocked by LBT).

For the purpose of detecting hidden node in channel selection, UE reporting of RSSI measurements to the eNB is considered useful. The eNB indicates which carriers(s) the UE should report RSSI for. Further details of the RSSI measurement reporting can be defined when standards are to be developed. RRM measurement and reporting should further take into account the DRS design options for LAA (sec 7.2.1.2).


Considering the timescale for LAA work in release 13, it is important to reuse as much as possible the work done on rel-12 DRS. As indicated in the technical report, there are a number of aspects which need to be considered.

1) Availability of DRS : Based on LBT functionality in the LAA eNB, it is possible that any DRS transmission will be blocked. UEs need to be able to detect when the eNB does not transmit DRS, and ensure that measurements are not reported in these cases. Depending on the option chosen by RAN1, the transmission may be skipped in the DMTC, in which case the UE will need to wait until the next DMTC to be able to measure, or it may be transmitted a different position within the current DMTC. 
As the DRS is not always guaranteed to be available, RAN1 has made the recommendation “It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion.”. Unlike release-12 DRS based measurements where the UE may filter measurements between DRS occasions, LAA measurements are supposed to be performed on a single DRS occasion. The accuracy of this approach could be checked once the final LAA DRS design is complete, but for the time being, our assumption is that release 12 DRS results may be reused rather than performing a new simulation campaign and in a subsequent section we provide results based on the assumption that the UE makes use of a single DRS occasion

2)  The TR indicates “For the purpose of detecting hidden node in channel selection, UE reporting of RSSI measurements to the eNB is considered useful. The eNB indicates which carriers(s) the UE should report RSSI for. Further details of the RSSI measurement reporting can be defined when standards are to be developed.” It is anticipated that RAN4 would develop measurement requirements for RSSI. Considering that the purpose of RSSI measurement is hidden node detection, the RSSI metric may be somewhat different from the RSSI that has been used previously in work on RSRQ. It would be beneficial to measure RSSI on OFDM symbols where the serving LAA cell does not transmit DRS symbols (eg CRS, PSS, SSS etc) such that the interference conditions are better captured. RSSI should be a wideband measurement, since various bandwidth interferers could be possible on unlicensed bands eg 5MHz or 10MHz wifi access point which only partially overlaps with the LTE system bandwidth.
Achievable measurement accuracy for LAA based on existing release 12 DRS accuracy results
(1) CRS based measurement

In [2] the following results are reported for AWGN:
	Channel 
	Meas. period
	Meas. BW
	SNR=0dB
	SNR=-3dB
	SNR=-6dB
	SNR=-8dB
	SNR=-10dB

	AWGN
	1x160ms
	6
	1.9518
	2.5220
	3.1043
	3.6403

	3.6377

	
	
	25
	1.1468
	1.4605

	1.7343
	2.0791
	2.1472

	
	
	50
	0.8527
	1.0663
	1.3991
	1.5676

	1.7001

	
	3x160ms
	6
	0.9292
	1.2000
	1.5218
 
	1.6047

	1.8507

	
	
	25
	0.5482
 
	0.6930
 
	0.8517
 
	0.9356
 
	1.0943

	
	
	50
	0.4072
 
	0.5568
 
	0.6792
 
	0.7555
 
	0.8187

	
	5x160ms
	6
	0.6839
 
	0.8381
 
	1.0846
 
	1.1617
 
	1.2683

	
	
	25
	0.3815
 
	0.5007
 
	0.6196
 
	0.6981
 
	0.7520

	
	
	50
	0.2899
 
	0.3677
 
	0.4828
 
	0.5311
 
	0.5646


Considering the requirement to report based on a single DRS occasion, results with a measurement period of 1x160ms are most relevant. It can be seen that the measurement accuracy for 25RB is 1.7343dB. Hence it seems feasible to specify a measurement period of a single DMTC window with an absolute accuracy of ±4.5dB, considering ±2.5dB RF margin and <±2dB baseband margin for SNR down to -6dB, provided that 6RB requirements are not specified. Related to the LBT functionality, it is expected that UE implementations would use an internal threshold to determine if the transmission has been blocked by LBT. This may limit the ability of the UE to report very weak LAA nodes, so may have some impact on side conditions but is not expected to affect the basic measurement accuracy when the LAA node is detectable. 
(2) CSI-RS based measurement 

A similar approach is applied to CSI-RS based requirements
	Channel 
	Meas. Period
	Meas BW
	SNR=+3dB
	SNR=0dB
	SNR=-3dB
	SNR=-4dB

	AWGN
	1x160ms
	6
	2.5212
 
	2.9757
 
	3.5989
 
	3.8928

	
	
	25
	1.4019
 
	1.7970
 
	2.1191
 
	2.0761

	
	
	50
	1.1081
 
	1.4170
 
	1.6271
 
	1.5849

	
	3x160ms
	6
	1.1785
 
	1.5174
 
	1.7277
 
	1.8681

	
	
	25
	0.7044
 
	0.8404
 
	1.0345
 
	1.0451

	
	
	50
	0.5447
 
	0.6822
 
	0.7537
 
	0.8131

	
	5x160ms
	6
	0.8867
 
	1.0024
 
	1.2692
 
	1.2924

	
	
	25
	0.4891
 
	0.6137
 
	0.7322
 
	0.7737

	
	
	50
	0.3836
 
	0.4812
 
	0.5523
 
	0.5725


Considering the requirement to report based on a single DRS occasion, results with a measurement period of 1x160ms are most relevant. It can be seen that the measurement accuracy for 25RB is 1.7970dB
. Hence it seems feasible to specify a measurement period of a single DMTC window with an absolute accuracy of ±4.5dB, considering ±2.5dB RF margin and <±2dB baseband margin for SNR down to 0dB, provided that 6RB requirements are not specified. . Related to the LBT functionality, it is expected that UE implementations would use an internal threshold to determine if the transmission has been blocked by LBT. This may limit the ability of the UE to report very weak LAA nodes, so may have some impact on side conditions but is not expected to affect the basic measurement accuracy when the LAA node is detectable. 
(3) Achievable cell search performance for LAA with LBT
In principle, cell detection requirements may also reuse release 12 requirements. It is expected that if downlink DRS transmissions are missed due to LBT, the cell detection time would scale linearly with the missed DRS due to LBT. For example, if 10% of DRS are not available, then the DMTC cell search requirement would be scaled by 1/(0.9)=1.1111. In practice, LBT is a dynamic behaviour, and the percentage of blocked DRS transmissions cannot be predicted in advance. Nevertheless, such a requirement would be needed so that cell search can be tested with missed DRS transmission to ensure that UE are robustly able to detect cells even when some DRS are not provided by the test equipment. 
Based on these considerations, we make the following proposals to progress the RRM work for LAA

Proposal 1 : CRS RSRP and RSRQ accuracy requirements are specified based on a measurement period with a single DRS and measurement bandwidth of at least 25RB. The target is to reuse release 12 DRS measurement accuracy requirements
Proposal 2 : CSI-RSRP accuracy requirements are specified based on a measurement period with a single DRS and measurement bandwidth of at least 25RB. The target is to reuse release 12 DRS measurement accuracy requirements

Proposal 3 : Cell search requirements for LAA are specified assuming the cell detection time would scale linearly with the missed DRS due to LBT.
Proposal 4 : RSSI accuracy requirements are investigated assuming wideband RSSI measurement on OFDM symbols not containing CRS symbols from the serving cell.

Propsal 5 : Other aspects of licenced CA RRM such as interruption requirements are assumed to be reused for LAA 

Timeline for LAA RRM RAN4 work
Based on these proposals, we suggest the following timeline for LAA core work in rel 13
RAN4#76, August 2015
· Initial discussions on RRM core requirements for LAA

RAN4#76bis, October 2015
· Further discussion on RRM core requirement for LAA

· Agreement of simulation assumptions for RSSI link level studies

· Review of draft CR for LAA RRM core requirement
RAN4#77, Novemer 2015
· Review of RSSI link level results

· Agreement of CR for LAA RRM core requirement
3 Conclusions

In this contribution, we make the following proposals 
we make the following proposals to progress the RRM work for LAA

Proposal 1 : CRS RSRP and RSRQ accuracy requirements are specified based on a measurement period with a single DRS and measurement bandwidth of at least 25RB. The target is to reuse release 12 DRS measurement accuracy requirements

Proposal 2 : CSI-RSRP accuracy requirements are specified based on a measurement period with a single DRS and measurement bandwidth of at least 25RB. The target is to reuse release 12 DRS measurement accuracy requirements

Proposal 3 : Cell search requirements for LAA are specified assuming the cell detection time would scale linearly with the missed DRS due to LBT.
Proposal 4 : RSSI accuracy requirements are investigated assuming wideband RSSI measurement on OFDM symbols not containing DRS symbols (eg CRS, PSS, SSS etc)  from the serving cell.

Propsal 5 : Other aspects of licenced CA RRM such as interruption requirements are assumed to be reused for LAA

We also propose a timeline for the work
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