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1 Introduction

RAN4 received an LS from RAN2 on HetNet mobility inter-frequency small cell discovery with reduced UE power consumption impact [1]. Discussions took place in RAN4#68  [1-10] and the outcome of further discussions in RAN4#68bis[11-20] was that RAN4 was able to agree a response LS[21] containing some observations on the questions from RAN2, particularly related to the inter-frequency measurements of a pure offload layer, where no inter-frequency measurements are assumed necessary for mobility purposes.
In this contribution we provide further consideration on the issue in different scenarios, so as to decide on the final response to RAN2. 
2 Discussion
In a companion contribution [22], we identify 3 scenarios for analysis

	Scenario 1 : Pure offload frequency layer

Scenario 2 : Mixture of offload and coverage frequency layers

Scenario 3 : Mixed cell types within frequency layers


When more frequency layers are considered, there could also be mixtures of scenario 1,2 and 3 occurring simultaneously. Nevertheless, each frequency layer can be characterised by one of the following layer types directly corresponding to the earlier scenario classification:

1. Pure offload layer [This assumes continuous coverage on the intra-frequency layer, or another coverage layer]

2. Coverage layer [This assumes discontinuous coverage on the intra-frequency layer]

3. Mixed offload/coverage layer [This also assumes discontinuous coverage on the intra-frequency layer] 

The scenarios are described in greater detail in [22]. Considering each scenario in turn, we discuss the questions raised by RAN2.

Scenario 1 : Pure offload frequency layer

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)?

For scenario 1, it definitely seems feasible to define relaxed measurement performance requirements. Interfrequency measurements are not needed to support mobility and maintain the UE connection, so it is natural that the offload layers can be measured less frequently, since the system requirements for offloading are different from the system requirements for mobility.

In deciding on feasibility it is also necessary to evaluate the benefits to both UE and network in relaxing the measurement requirements. 
For the UE, one main benefit is power saving. In RAN4#68bis, some companies were of the opinion that there would not be a major saving for non-DRX UE, and for DRX UE, the inter-frequency mobility requirements are already relaxed. However, one aspect which we would like to emphasise is that measurement requirements are not relaxed when DRX is active, but the DRX cycle ≤40ms. This is a very important configuration for example, for voice and other real time services, where packets are generated on a frequent but not continuous basis. If we consider a legacy gap pattern with MGRP=40ms, and also a 40ms DRX cycle this already implies that the UE spends approximately 6/40=15% of the time performing inter-frequency measurements. The typical intra-frequency on duration could be of a similar or even smaller order of magnitude, meaning that interfrequency measurement activity could easily double (or more than double) the receiver activity. Considering widespread adoption of small cells, and the need to perform small cell search even when the serving cell strength/quality is good, many UE connected to macro serving cells may be searching for small cells, and the overall battery life impact of the small cell search may be highly significant.
For the network, it can also be envisaged that there are benefits in terms of increased freedom for the scheduler, due to the fewer necessary measurement gaps, assuming that option 1 is not selected. Since different views were expressed on option 1 in RAN4#68bis, we discuss this further in the next section.

Another aspect of feasibility which can be considered is potential impact on legacy requirements. As already indicated in the preliminary response from RAN4 to RAN2, the normal measurements performed will not be impacted for those frequency layers where existing minimum measurement requirements (such as intra frequency cell search delay and intra frequency measurement period) are applied. Hence there should be no concern about feasibility in pure offload scenarios from this perspective.
The only disadvantage which can be expected from reduced measurement performance is a reduced ToS (Time of Stay) in the small cell due to their later detection. This has already been discussed by RAN2, and discussions will continue. At any rate, we see this as a RAN2 topic since it is related to service offloading rather than radio conditions, so we do not discuss it further in RAN4..
Question 2: Are there significant differences with the RAN2 identified approaches for realizing relaxed performance requirements from RAN4 viewpoint?

For scenario 1 (pure offload), the liaison statement in sent in RAN4#68bis to RAN2 already concludes on options 2 and 3. The second option is not feasible since UE is not always in DRX and also due to difficulty in defining consistent performance requirements. The third option is also not feasible if UE cannot reuse its settings (eg gain setting) from the previous gap as they become outdated due to very long reoccurrence of gaps.

It was also concluded that the first option is not efficient due to scheduling opportunity loss during unused measurement gaps in this scenario. There was a difference of opinion on the overall impact of scheduling opportunity loss. One aspect we would like to emphasise in this discussion is that because both uplink and downlink are affected by the gap there is an impact which extends beyond the gap itself due to HARQ processing. For instance, if the UE is scheduled on the downlink just before a measurement gap, it will be unable to transmit the corresponding ACK/NACK due to uplink gap, so even if the UE successfully decodes the transport block, the eNB will be unaware and may retransmit after the gap. It should also be remembered that the UE does not measure or feedback CQI during measurement gaps, so this also has an impact on the efficiency at system level. In general, it seems highly undesirable for the eNB to incur the disadvantages of measurement gaps when the UE is not making use of them for measurement purposes. 
Since all of the options have disadvantages, it seems necessary to consider alternative options. Although RAN4 asked RAN2 for guidance on whether alternative options to option 1-3 can be considered in RAN4, a number of companies had the view during RAN4#68bis that the three options in [1] are not intended to be limiting. We provide our views on designing an alternative gap pattern which would be suitable in [23].
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?

The existing specifications are well described in [21]; the definition of cell identification delay in TS36.133 includes a measurement period for initial measurement of RSRP/RSRQ. In TS36.133, the requirement of  measurement period for detected cells is also defined separately from cell identification delay requirement. 

In practice the feasibility of relaxing only cell identification requirements depends on the chosen option for measurement gaps. In order to meet existing requirements for measurement period, UE need to be configured gaps every MGRP. This means that considering RAN2’s option  1, it would be possible for the basic cell identification to be performed according to some more relaxed requirement while still maintaining the existing interfrequency measurement period (which is a part of the overall cell identification delay). In general however, as already mentioned, we do not consider option 1 to be a viable option for this scenario. For option 3, measurement gaps with longer MGRP are configured. Since the eNB is unaware that the UE has even detected a cell until a measurement event is reported, there is no possibility to reconfigure the UE with a different measurement pattern. This means that necessarily the measurements of detected cells need to be performed with the reduced density gap pattern and the performance will be relaxed. This also applies to the initial measurement period which forms a part of the cell identification requirement.
Since we believe that option 1 is not efficient or desirable due to the lost scheduling opportunities, our view for this question is that a new gap pattern should be defined, and in that case it is not possible to relax only the cell detection requirement when using  a different gap pattern.

Scenario 2 : Mixture of offload and coverage frequency layers

This scenario was also discussed extensively in RAN4#68 bis, although it was not within the scope of the preliminary response liaison statement to RAN2. The issue with the mixed scenario is that the UE will need to measure some frequency layers for coverage purposes, and it is clear that the performance for those layers should not be relaxed. We now consider the questions from RAN2 for scenario 2.
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)?

Since the UE is only configured with a single gap pattern which is shared between the measurements of different layers, the UE needs to be configured with an existing gap pattern eg with MGRP=40ms or MGRP=80ms. Since coverage layers need to be measured in a way that meets legacy performance, the UE cannot save power in this scenario Therefore it does not seem beneficial to relax performance in this scenario.

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

It does not seem beneficial to relax performance for this scenario.
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?

It does not seem beneficial to relax performance for this scenario 
Scenario 3 : Mixed cell types within frequency layers

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)?

For this scenario, it is impossible to predict what type of cell a UE will detect when it performs measurement on a given layer. Hence it is not feasible to relax the cell detection performance. There also seems to be little motivation to relax the measurement period once the UE determines that it is measuring an offload cell, since both the gap pattern and UE power consumption will be determined primarily by the measurements of the coverage cells. Since the specification complexity would be high, and the benefits are not obvious, we recommend that it is not feasible to relax requirements for scenario 3. 

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

Not relevant since relaxation is not feasible in scenario 3.

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?

Not relevant since relaxation is not feasible in scenario 3.

3 Conclusions

In this contribution, we have discussed the questions raised in the RAN2 liaison statement [1] for different scenarios as described in more detail in [22]. The answers to the questions posed by RAN2 are scenario dependent, and we discuss the implications for different scenarios. In a companion contribution, we provide a draft response liaison statement to RAN2 which provides answers for the different scenarios.
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