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1. 
Introduction

RAN4 has sent LS [2] in the last meeting to address the questions raised in the previous RAN2 outgoing LS. In addition, the potential deployment scenarios are identified for applying the relaxed requirements, and the response to the questions in RAN2 LS. The content of LS has been extracted below for information:

	Overall Description

RAN4 would like to thanks RAN2 for their LS on relaxed performance requirement in R2-132239 (R4-134256). RAN4 has discussed the questions raised by RAN2 and has considered different deployment scenarios, for example:

Scenario 1 : Pure offload frequency layer(s)
Scenario 2 : Mixture of offload and coverage frequency layers

Scenario 3 : Mixed cell types within frequency layer(s)
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)?
RAN4 response

RAN4 has identified that for some scenarios, specifying relaxed minimum measurement performance is feasible, and provides opportunities for UE power saving. In other scenarios where relaxed measurement performance is not an appropriate network configuration, RAN4 assumes that the eNB would configure measurements according to existing measurement procedures, and thus that non relaxed minimum performance requirements apply.

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

RAN4 continues to discuss the suitable options, taking into account the additional information in R2-134466(R4-137038).

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 answer to this question depends to an extent on the chosen approach for realising relaxed measurement performance. For option 1, we observe that in the context of question 3, all gaps are available for the UE to use, and in principle the UE could reduce PSS/SSS search activity while still maintaining RSRP/RSRQ measurement period and accuracy. 

For options 2 and 3, only relaxing cell detection requirements is not feasible because gaps are not available to maintain the existing RSRP/RSRQ measurement period assuming that the gap pattern is not reconfigured to give additional measurement opportunities. 


As also stated in the early LS from RAN4 [3], option 2 and option 3 listed in RAN2 LS as the candidate solutions have been confirmed as “infeasible”, as extracted below. 
	Question 2: Are there significant differences with the RAN2 identified approaches for realizing relaxed performance requirements from RAN4 viewpoint?

Answer 2 : RAN4 has had extensive discussions on limitations of options 1-3 for measurements for offloading purposes. The first option is not efficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement. 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.




In this contribution we will focus on the option 1 (i.e., reusing the existing gap pattern) since it seems the most feasible solution. Moreover, to address the efficiency issue of option 1, some further optimizations for option 1 are discussed taking into account all the scenarios identified by RAN4.  

2. Discussion
1.1 Scenarios for applying the relaxed requirements
As indicated by RAN4 LS, three scenarios have been considered for deployments of the small cells with the adoption of the relaxed requirements, which are extracted below for information.
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In principle, the provided solution should be more generic rather than scenario specific. From the view of the operators, the scenario specific solution is likely to limit the network deployment and put some constraints on the network planning and optimization, which will complicate the operation and the network roll-out. It is worth of noting that Scenario 1 could be more idealistic from the operation perspective. So Scenario 2 and 3 should be more focused for consideration of the potential solution.
1.2 Solution of using the existing gap pattern
In general, using existing measurement gap pattern is the simplest approach with the less impact on the requirements and implementations and has minor change on the specification. It is also compliant with the principle of the inter-frequency gap pattern configuration as agreed in RAN2, i.e., a single gap pattern process is applied for all inter-frequency layers. Using the existing gap pattern can also provide the sufficient flexibility for different UE implementation. 

On the other hand, there were some discussions on the issues related to the efficiency of option 1, which may require some further clarification or improvement:
Issue 1: The relaxed requirement can’t be applied for Scenario 3

In Scenario 3, frequency layer 2 (f2 in Figure 1) is used by both small cell for capacity enhancement and the macro cell for coverage improvement. The normal requirement (i.e., the tighter requirement) for the coverage purpose has to be applied even though applying the relaxed requirement for relaxed cell search is preferred in some cases (e.g., close to the cell centre without the coverage issue), because the UE can’t differentiate the cell search according to the purpose of each cell in the mixed offloading/coverage layer. 

However, this issue could be solved by setting the proper trigger for cell searching. Currently, s-Measure has been used to trigger the cell search. So, one potential solution is to trigger the cell search with different behaviours based on the s-Measure criteria. The procedure for cell search in this case could be as such: 

	· If the serving cell RSRP is lower than the configured s-Measure, it means the UE needs to do the cell search for coverage purpose. 

· UE should perform the inter-frequency cell search for the frequency layers with mixed cells (e.g., f2 in scenario 3 with both coverage and offloading cells), using the gaps of the configured legacy gap pattern as normal to fulfil the normal requirements. 

· If the serving cell RSRP is higher than the configured s-Measure, it indicated the good coverage for the UE. In this case, the UE just needs to perform the cell search for offloading purpose. 

· UE can use the fewer gaps of the same gap pattern for fulfilling the relaxed requirements. 


More specifically, RRC configuration may need to indicate UE the purpose of each frequency layer, i.e., pure offloading, pure coverage, the mixed purpose for coverage and offloading. 
For example, eNB would indicate the UE if a frequency layer configured for inter-frequency measurement is:

a) Purely for offloading , call it “offloading frequency”

Offloading frequency layers are searched with the relaxed requirements using the fewer gaps of the existing gap pattern, disregarding the s-Measure criteria.

In case of some small cell(s) located in the cell edge mainly for the offloading purpose, the relaxed requirement can still be applied for this frequency layer supposing there is no mobility issue thanks to the coverage from the macro cells.
However, if the small cell is also used for coverage enhancement, e.g., filling the coverage hole, this frequency layer should be identified as the “mixed frequency” layer as defined in c) with the corresponding cell search behaviour. 
b) Purely for coverage , call it “coverage frequency”

Coverage frequency layers are searched with the normal (or legacy) requirements and the normal gaps of the existing gap pattern, when RSRP is lower than s-Measure, i.e., the same operation as the existing cell search with S-Measure trigger.

c) For both offloading and coverage, call it “mixed frequency”

Mixed frequency layers are searched with two behaviours depending on RSRP:

· When RSRP is higher than s-Measure. (i.e., offloading purpose), select the (fewer) gaps of the existing pattern for cell search with the relaxed requirements, 
· When RSRP is lower than s-Measure. (i.e., coverage purpose), select the (normal) gaps of the existing gap pattern for cell search with the normal requirements. 

It should be noted that essentially there is no difference for this optimisation than the original option 1 using the existing gap pattern except the trigger for the cell search. With such optimization, it can more effectively address all potential deployment scenarios including Scenario 3, which is also more generic regardless of the deployment scenario and the cell type (macro or pico). 
Proposal 1: s-Measure or a new threshold is used by the UE to decide whether to apply relaxed requirements or normal requirements.  
Proposal 2: A signalling (2bits in RRC signalling) needs to be introduced to indicate the purpose of the above per configured frequency or a group of frequency (i.e., mixed purpose, coverage purpose, or offloading purpose).
Issue 2: Scheduling opportunity loss due to unused measurement gaps
The other issue was on the scheduling opportunity loss when UE can autonomously decide the usage of the fewer gaps in the existing gap pattern for the relaxed cell identification.

As discussed extensively in the last RAN4 meeting, the unused measurement gaps may not really degrade the system performance from eNB perspective, as the network can anyway schedule the other UEs during the gap period. It is worth of noting that there are typically quite many users in the macro cell layer for offloading in the potential deployment scenarios. Also from UE perspective, the unused gaps can allow UE to perform DRX operation, which can further save the UE power in an efficient way with the control of UE itself.
On the other hand, in case the most companies want to address this issue, there could be several solutions for consideration. For example, the UE can indicate eNB (e.g., via a bitmap) which gaps in the existing gap pattern are used for the current inter-frequency cell search with the normal/relaxed requirement. Only with the awareness of the gap usage and the cell search condition at UE, eNB can schedule the UE on the unused gaps while satisfying the corresponding cell search requirements. However, this may further require the reconfiguration of the gap pattern with the extra signalling exchange and the additional delay for cell search. In addition, it may limit the operation to Scenario 1 (i.e., a more idealistic scenario) with only offloading frequency layer(s). In case of Scenario 2 and Scenario 3, the relaxed gap pattern can’t be used simultaneously to serve the other frequency layer(s)/cell(s) for the coverage purpose supposing because of the single gap pattern process as agreed in RAN2. Then it may cause frequent switching of the gap pattern depending on the UE cell searching algorithm. 
In short, the solutions for addressing the scheduling opportunity loss issue may need a huge effort for standardization and a big change on the specification, which is challenging considering the tight schedule for this WI. Therefore, we prefer deprioritizing such solution, especially considering it may not be a real problem in the practical network operation. If deemed absolute necessary, it could be considered in the future. 
1.3 Standardization Impact
With the further optimization on option 1 using the existing gap pattern, the following standardization effort would be foreseen for RAN2 and RAN4: 
RAN2: 

1. RRC signalling to support the indication of the purpose per frequency layer 

2. Clarification on the trigger for cell search and the corresponding UE cell search behaviour for applying the different requirements (normal or relaxed).

3. The relaxed cell identification delay requirements
RAN4: 
1. The relaxed cell identification delay requirements jointly with RAN2. 

Note: there is no need to change the cell measurement requirement since the UE can autonomously use the normal gaps of existing gap pattern for the cell measurement after the cell identification thanks to the single gap pattern in the procedure.
2. Test case to verify the proper usage of the normal/relaxed requirements.
In general, the work load seems reasonable and the speciation change is also limited, which sounds feasible with the current time schedule for this WI (i.e., one meeting cycle).  
3. Conclusion

In this contribution we had some further discussion on how to further improve option 1 (i.e., reusing the existing gap pattern) for addressing the issues in some potential deployment scenarios. In addition, the following proposals are provided for supporting the relaxed requirements in a more generic and efficient way.
Proposal 1: s-Measure or a new threshold is used by the UE to decide whether to apply relaxed requirements or normal requirements.  
Proposal 2: A signalling (2bits in RRC signalling) needs to be introduced to indicate the purpose of the above per configured frequency or a group of frequency (i.e., mixed purpose, coverage purpose, or offloading purpose).
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