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1 Introduction

For HetNet mobility inter-frequency small cell discovery with reduced UE power consumption impact, RAN2 has in particular studied the scenario with one macro layer and one layer with small cells. For offloading purposes, UEs can be assigned to detect the inter-frequency small cells using measurement gaps. However, the concern of RAN2 is that the UE power consumption may be too high if the UE is continuously configured with inter-frequency measurements according to currently specified requirements. Thus, RAN2 is considering the following options to realize these inter-frequency measurements with relaxed performance requirements:
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)
and ask RAN4 the following three questions [1]:

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 RAN4#68bis, a reply LS [12] was agreed to provide following answers to the RAN2’s questions: 
Answer 1 : Discussions on feasibility will continue in RAN4#69. RAN4 has identified that 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,  when the configuration of an additional frequency layer with relaxed performance is used purely for offloading purpose. 

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.

Answer 3 : RAN4 would like to remind RAN2 that 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. Discussions on this aspect will continue in RAN4#69.
In RAN4#69, another reply LS [22] was agreed to provide further information to RAN2’s questions.
Answer to Question 1:

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.

Answer to Question 2:

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

Answer to Question 3:

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.

In this contribution, we further discuss the suitable options for relaxed performance requirement for HetNet for the offload scenarios. Since RAN4 has decided that options 2 and 3 are not feasible, there seems no need to have further discussion on these options.

2 Discussion
For Option 1, the pros and cons were further discussed in RAN4#69 [15, 16, 18, 20]. It was proposed in [15] that

Using existing measurement gap pattern with existing measurement gap repetition periods as base for defining new measurement performance requirements for measurements used for offloading purposes.
In addition, a burst gap patterns was proposed in [13] (See Figure 1). The burst gap pattern allows the network to  configure the measurement gaps with a number of parameters:  Tburst, Tgap, MGRP, and Ngap. Obviously, existing measurement gap pattern can be seen as a special case of the burst gap patterns with MGRP and Tgap  being the current measurement gap periods ={40ms,80ms} and duration Tgap =6ms, and Tburst =Ngap =1. 
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Figure 1 : Burst gap pattern [13]

In following table, we made a comparison of these two approaches.
Table 1: Comparison of Option 1 and a New Burst Gap Pattern

	Options
	Option 1
	Burst Gap Pattern

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


	A burst gap pattern defined with a number of parameters, i.e., Tburst, Tgap, MGRP, and Ngap (see Figure 1)


	Power savings
	Power savings can be achieved by skipping measurement gaps. The power savings is controlled internally by UE, i.e., it is up to UE to decide if and when to skip the measurement gaps while still complying with the measurement performance requirements. 

	Power savings is not achieved by skipping measurement gaps, since UE needs to use the configured measurement gaps for inter-frequency measurements. Power savings may be achieved through other approaches, such as by DRX configuration.

	Scheduling opportunities
	Since the network does not know when the UE skips the measurement gaps, the network will not be able to schedule the UE in skipped measurement gaps. Thus, the scheduling opportunities for an UE will be the same as if the measurement gaps were not skipped. Therefore, skipping the measurement gaps has no impact on existing UE scheduling opportunities.
	The scheduling opportunities for an individual UE will be increased when fewer measurement gaps are configured.
Note: The benefit of increasing scheduling opportunities for an individual UE will be decreases with the increase of the number of UEs served by a macro cell. When there are multiple UEs served by the same cell, the network will need to distribute the resource to all UEs, and will less likely to be able to fully utilize the increased scheduling opportunities for a UE.


	Cell detection performance
	The performance in cell detection delay depends largely on the signal reception conditions from the small cells. For offloading purpose, it is preferable to offload the UEs with good signal coverage of small cells. Therefore, the impact on cell detection delay may not be significant issue, if the UE cannot or has longer delay in detect weak inter-frequency small cells.  

	The impact on cell detection performance will depend on the measurement gap pattern configuration. New cell detection performance requirements may need to be introduced for the burst gap pattern, which may be the function of the configuration parameters. 

	RSRP/RSRQ measurement performance
	The impact on RSRP/RSRQ measurement performance will depend largely on UE implementation. In reply LS [13], it says “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.”

	The impact on RSRP/RSRQ measurement performance will depend on the measurement gap pattern configuration. New RSRP/RSRQ performance requirements may need to be introduced for the burst gap pattern, which may be the function of the configuration parameters.


Based on above analysis, we come to the conclusion that:
1) Both Option 1 and new Burst Gap Pattern may be feasible solutions for relaxed performance requirement for HetNet for the offload scenarios. 

2) It may be less effort to adopt Option 1, since it does not change the measurement gap pattern, and does not need to change RSRP/RSRQ performance requirements.
3) New burst pattern may provide more scheduling opportunities for an individual UE, although the benefit may be less significant when there are multiple UEs served by the same cell.
4) New Burst Gap Pattern may require defining a new set of performance requirements for cell detection and RSRP/RSRQ measurement requirements. The performance requirements may depend on the configuration parameters.
3 Summary 

In this paper, we further discussed the suitable options for relaxed performance requirement for HetNet for the offload scenarios. Based on the analysis, we believe both Option 1 and new Burst Gap Pattern are feasible solutions for relaxed performance requirement for HetNet for the offload scenarios. By comparing the implementation efforts of the two options, a way forward may be:

· Using existing measurement gap pattern with existing measurement gap repetition periods as the current solution for defining new measurement performance requirements for measurements used for offloading purposes.

· Considering burst type measurement gap pattern for a future release.
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