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1 Introduction
RAN4 received LS from RAN2 on HetNet mobility inter-frequency small cell discovery with reduced UE power consumption impact [1]. In the last RAN4 meeting (RAN4#68) this topic was extensively discussed in various papers [2-9]. But no consensus on LS response was reached. Nevertheless way forward paper was approved with the aim of investigating the RAN2 responses until RAN4#68bis and providing the response in the same meeting (i.e. RAN4#68bis) [10]. 
In this paper we analyse the three questions raised in the RAN2 LS and also provide draft LS with suggestion responses. 
2 Summary and Background of Incoming LS

The LS contains questions pertaining to the feasibility of different approaches to reduce the power consumption considered in RAN2 [1]. The scenario is that there are two carriers – one with macro cell coverage and another with small cells – and for offloading purpose the UE is configured to do inter-frequency measurements on the carrier with small cells. There is a concern that continuous inter-frequency measurements for the purpose of offloading will have a negative impact on the UE power consumptions, and RAN2 has suggested relaxing the measurement requirements for carriers that are measured for offloading purpose. It is pointed out that while relaxing measurement requirements for carriers used for offloading purpose, legacy requirements (Rel-11) have to be supported for carriers measured for mobility purpose. In the LS it is further stated:

	RAN2 sees following options to realize these measurements with relaxed performance requirements – more detailed information about these alternatives can be found in R2-131897:

1. Using existing measurement gap pattern with existing measurement gap repetition periods (UE decides on how exactly to do the measurements to comply with the requirements) 

2. UE uses autonomously initiated gaps.  

a. RAN2 prefers that the UE autonomous gap does not interfere with ongoing data transmission i.e. the UE should only have autonomous gaps while being in DRX.

3. Defining an additional measurement gap repetition period (in addition to existing 40 and 80ms MGRP)

RAN2 wants to notify that defining a totally separate measurement gap process and pattern which is configured (separate from existing measurement gaps with MGRP of 40 and 80ms used for coverage purposes) in addition to existing gap pattern was excluded in RAN2#82.

RAN2 recognizes that defining new performance requirements for measurements requires RAN4 work and expertise and we would like to ask the following:

Question 1: Would it be feasible to define new measurement performance requirements for measurements used for offloading purposes (or other purposes where relaxed performance requirements compared to REL-11 requirements are applicable)?

Question 2: Are there significant differences with the RAN2 identified approaches for realizing relaxed performance requirements from RAN4 viewpoint?

Question 3: RAN2 has also considered possibility to relax only cell detection performance requirements (i.e. only cell detection requirement is relaxed and not modify the RSRP/RSRQ measurement requirements). Does RAN4 see this as a feasible approach?


In the following sections we analyse the three questions from RAN2 and provide our view.

3 Analysis of RAN2 Questions
Feasibility of relaxed measurement requirements for offloading
The first question is about the feasibility of defining new (relaxed) inter-frequency requirements for offloading purposes.

Measurements in RRC_CONNECTED for offloading purpose have similarities with higher priority search in RRC_IDLE in that it is not critical for the operation of the UE but may have benefits both from network and user experience point of view. For the network it may be about balancing load or directing UEs to radio access technologies where the capacity it higher or particular services generating more revenue can be offered, and for the user experience it is about achieving higher throughput and/or being able to use those particular services. Since neither the connectivity nor the mobility function is jeopardized it is sufficient to look for higher prioritized carriers more sparsely than when the serving cell is getting weak and another potential serving cell has to be detected (see 36.133 section 4, higher priority search vs regular cell reselection). In our opinion it is reasonable to apply the same principle for offloading in RRC_CONNECTED. Hence we find it feasible to allow less strict measurement requirements for the purpose of offloading. 
· Proposal # 1: It is considered feasible to allow less stringent inter-frequency measurement requirements for the purpose of offloading.
Feasibility of the approaches proposed by RAN2

The second question is about RAN4 views on three different approaches RAN2 has considered for defining new (relaxed) inter-frequency requirements for offloading purposes.

RAN2 Option 1 – use existing gap pattern: In this case the UE is configured with existing measurement gap pattern #0 or #1 but carriers out offloading measurements with relaxed requirements, has the benefit that there is very little impact on the UE implementation. The UE can schedule measurements in a subset of the available measurement gaps for carrier(s) that have been indicated by the network to be measured at relaxed requirements. In case of a mix between carrier measured for mobility purpose and carriers measured for offloading purpose the existing scaling with Nfreq can be re-used, but among the fraction of gaps belonging to the offloading carrier(s), only a subset have to be used since the measurement requirements are relaxed. The main drawback with Proposal 1 is that in case the UE is fully active and at the same time is carrying out measurements on offloading carrier(s), the throughput will be unnecessarily reduced and scheduling unnecessarily restricted since many more gaps than to be used by the UE are provided. An unused gap assuming 40 ms periodicity would lead to throughput loss of about 15%. This is significant system degradation especially if the measurement would be done over much longer time e.g. using gap once or few times during a period of several seconds. 
· Proposal # 2: Option 1 is not feasible due to throughput loss during unused measurement gaps. 
RAN2 Option 2 – autonomous gaps in DRX: In this case the UE carrying out offloading measurements during inactivity time in DRX cycles seemingly has the benefit that it does not reduce the throughput or restrict the scheduling since not gaps are created by the network. However for a UE that is active with particular services there may not be enough inactivity time for such measurements to be carried out. Occasionally there would of course be inactivity time for such measurements to be carried out, but the UE behavior would not be predictable and the UE would potentially not be able to do any offload measurements when it would be of most use on system level to hand it over to the smaller cell. The scheduling of such measurements as well as the requirements also becomes more complicated since there is no natural trigger for the measurements (such as a measurement gap). Measurements during inactivity time can only be considered to be done on a best effort basis, and hence we would prefer to avoid this option. It will also be very challenging for RAN4 to define performance requirements for such “best effort” type of measurements. 
· Proposal # 3: Option 2 is not feasible since UE is not always in DRX and due to difficulty in defining consistent performance requirements.
RAN2 Option 3: In this case a new gap patterns in addition to the existing gap pattern #0 and #1 is introduced. In the LS it is stated that RAN2 has excluded this alternative. However, by excluding new gap patterns one may be missing out an opportunity to at a relatively low impact on the UE implementation support offload measurements with predictable performance without reducing the throughput or restricting the scheduling of the UE to the extent in Proposal 1. In the attachment to the LS [1] there were suggestions on having very sparse gaps, such as one gap every 3 seconds. We do not think sparse single gaps would be feasible since there would be a lot of overhead due to outdated AGC settings, requiring the UE to do a full gain search using parts or whole of a unicast DL subframe that otherwise could be used for RSRP and RSRQ measurements. 
· Proposal # 4: Option 3 is not feasible since UE cannot reuse its radio settings from the previous gap and thus will have to again full gain search in each gap.
Feasibility of relaxing only cell detection requirements

UEs typically carry out search for new cells (cell detection) and measurements (RSRP, RSRQ) of detected cells in parallel, using the same radio samples. The RSRP/RSRQ measurement is therefore an integral part of the cell detection. It may take several attempts to find a cell, particularly when in strong interference and/or complicated radio propagation channels. Moreover on a carrier there may be several cells that might be of interest for the UE. As a consequence the cell search is not a single-shot activity but rather something that is ongoing in parallel with measurements of already detected cells. Furthermore according to the performance requirements specified in TS 36.133 the UE is required to filter the RSRP and RSRQ measurements over several measurement gaps to meet requirements on L1 filtering as well as to meet requirements on measurement accuracy and event cell detection. Significantly relaxing the cell detection requirements but not the measurement requirements would therefore not considerably reduce the power consumption since the UE anyway needs to tune to the inter-frequency carrier to carry out RSRP and RSRQ measurements. Hence we suggest that requirements for both cell detection and measurements are relaxed. 

· Proposal # 5: It is not feasible to relax only cell detection but not RSRP/RSRQ. RSRP/RSRQ being part of cell detection procedure also needs to be relaxed. 
4 Conclusions
We have studied the questions raised by RAN2 and provided our analysis. The analyses are summarized by the following proposals:
· Proposal # 1: It is considered feasible to allow less stringent inter-frequency measurement requirements for the purpose of offloading.
· Proposal # 2: Option 1 is not feasible due to throughput loss during unused measurement gaps. 
· Proposal # 3: Option 2 is not feasible since UE is not always in DRX and due to difficulty in defining consistent performance requirements.
· Proposal # 4: Option 3 is not feasible since UE cannot reuse its radio settings from the previous gap and thus will have to again full gain search in each gap.
· Proposal # 5: It is not feasible to relax only cell detection but not RSRP/RSRQ. RSRP/RSRQ being part of cell detection procedure also needs to be relaxed. 
A draft LS out is provided in [11].
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