[bookmark: _Toc92513360][bookmark: _Ref399006623]3GPP TSG-RAN WG4 Meeting #84bis 	R4-1711371
Dubrovnik, Croatia, 9 – 13 October 2017

Source:	Nokia, Nokia Shanghai Bell
Title:	LAA/WiFi hardware sharing problem
Agenda Item:	5.14.2
Document for:	Discussion
1 Introduction
RAN4 received an LS from RAN2 [1], where RAN2 discusses possible IDC problems due to hardware sharing between LAA and WiFi. RAN2 asks RAN4 to evaluate whether RRM and CSI measurement requirements need to be modified for the affected LAA frequencies/component carriers due to the presented problem. The specific question asked by RAN2 is the following:
RAN 2 respectfully requests RAN 4 to consider whether the RRM and CSI measurement requirements need to be modified in Phases 2 and 3 for the affected LAA frequencies/component carriers when IDC problems are caused due to the hardware sharing between LAA and WLAN (with unknown WiFi traffic pattern), and provide feedback to RAN 2.
The discussion on this issue started briefly in RAN4#84 meeting (e.g. in [2] and [3]), but no conclusion was reached. In this contribution, we analyse the impact of hardware sharing between LAA and WiFi to LAA measurement requirements.
2 Discussion
2.1 	RAN2 background for the HW sharing between LAA and WLAN
The discussion in RAN2 started based on the contribution R2-1701756, and resulted in an email discussions [97#57] (outcome in R2-1702572) and [97bis#09] (outcome in R2-1704929). Based on these, RAN2 agreed to support using IDC signalling to indicate HW sharing between LAA and WLAN, i.e. that UE could indicate using IDC signalling that it cannot fully utilize LAA carriers because it is using WLAN due to user preferences.
As part of the discussion, it was noticed that the measurement requirements of LAA carrier for such cases may require clarifications, as per normal IDC, as shown in below excerpt from Stage-2 specification TS36.300:
	Currently, the IDC interference situation can be divided into 3 phases as shown below:
Phase 1: The UE detects start of IDC interference but does not initiate the transmission of the IDC indication to the eNB yet.
Phase 2: The UE has initiated the transmission of the IDC indication to the eNB and no solution is yet configured by the eNB to solve the IDC issue.
Phase 3: The eNB has provided a solution that solved the IDC interference to the UE.
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Notably, the RAN2 discussion concluded on the following:
· RLM requirements do not change since SCells do not have RLM, and an LAA SCell cannot act as a PSCell
· It is not clear what ensuring that “RRM measurements are free from IDC interference” means in Phase 2/3, since the UE is using the receiver for WLAN reception and transmission.
· RAN4 needs to determine whether any RRM requirement changes are needed
Based on these, LS R2-1706203 was sent to request RAN4 to consider whether the RRM requirements should be affected.
2.2 	Joint usage of LAA and WLAN
The use case for HW sharing between LAA and WLAN is a simple to state: Since both operate on the same (unlicensed) frequencies, RF may be shared. As per normal user preference rules, WLAN may be sent prioritized over LAA. Therefore, LAA UL transmission may not be possible when UE is using WLAN where HW is shared with LAA.
However, the above is clear but the question is of measurements: Since the UE is anyway operating under the same unlicensed frequency as LAA may be, it is doing measurements on the active WLAN carrier, and its RF is on. Further, due to the nature of the WLAN, the RF is not used all the time, but in bursts of activity, followed by bursts of inactivity.
Observation 1: Using WLAN does not mean UE is sending and receiving with WLAN RF with 100% activity.
Further, since UE is receiving WLAN and monitoring the channel, it will make WLAN-based measurements on the carrier continuously according to WLAN requirements. Assuming the LAA SCell is operating under the same carrier, the UE could also receive the DMTC/RMTC signals at the same time.
Observation 2: UE using WLAN with bandwidth that overlaps with LAA SCell may be able to measure the LAA SCell simultaneously with normal WLAN operation.
However, what is not clear is what the UE activity cycle is: The more UE is sending towards the WLAN network, the less it is receiving, and therefore the less it can also measure LAA SCell carriers. How often this happens is impossible to define and has to be left up to UE implementation, but at least in some cases the UE should be able to measure LAA according to normal 3GPP requirements. 
· DL-heavy traffic: UE is receiving DL-heavy traffic from WLAN. In this case, the UE is receiving more than transmitting, and may be able to continue RRM measurements of SCells (ACKs are still transmitted in UL towards WLAN AP, though, which will reduce the DL activity time)
· Inactivity in WLAN: The UE could be inactive in WLAN due to LBT requirements when DMTC/RMTC are being transmitted by LAA eNB. In such occasions, the RF could be used for measuring the SCells normally according to existing LAA requirements. On the other hand, if WLAN is transmitting heavily, the eNB will not likely be able to transmit DMTC/RMTC due to the LBT requirements anyway, which leads to relaxations already based on the current requirements.
Observation 3: LAA SCell transmitting reference signals at DMTC/RMTC occasions will often require WLAN to not transmit or receive.
Observation 4: When WLAN is being inactive, UE can receive according to LTE requirements.
As a conclusion, we recognize that the problem described in the LS may occur in some special situations when hardware is shared between LAA and WiFi. However, based on the observations made we do not see that such situations occur with so high likelihood that relaxing the requirements is necessary. The problem may mainly exist when the UE is transmitting heavily in WLAN, but also in this situation it is not clear how much this would impact DMTC/RMTC reception, and how the requirements should be relaxed in this case. Therefore, we propose the following:
Proposal 1: LAA measurement requirements are also applicable when hardware sharing is done between LAA and WiFi.

3 Summary
In this contribution, we have discussed the possible problems with RRM measurements due to LAA/WiFi hardware sharing. We have made the following observations and a proposal:
Observation 1: Using WLAN does not mean UE is sending and receiving with WLAN RF with 100% activity.
Observation 2: UE using WLAN with bandwidth that overlaps with LAA SCell may be able to measure the LAA SCell simultaneously with normal WLAN operation.
Observation 3: LAA SCell transmitting reference signals at DMTC/RMTC occasions will often require WLAN to not transmit or receive.
Observation 4: When WLAN is being inactive, UE can receive according to LTE requirements.
Proposal 1: LAA measurement requirements are also applicable when hardware sharing is done between LAA and WiFi.
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