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Discussion
1      Introduction
In RAN4#68, a LS [1] was sent by RAN2 regarding the relaxed inter-frequency performance requirements due to HetNet mobility. Reply LS sent by RAN4 [2] indicated that there are limitations of options 1-3 (as indicated in RAN2 LS [1]) for measurements for offloading purposes. However, the feasibility to relax the performance requirement seems OK with majority of companies.
In this contribution, the feasibility and necessity of the relaxed performance requirement are discussed. 
2      Discussion
Firstly, it is necessary to understand the intention of introducing solutions for inter-frequency small cell discovery. In TR 36.839 [3], the study is focused on a scenario where one macro frequency provides full coverage and where pico cells are provided on second frequency layer for offloading purposes including means to improve perceived QoS on hot spot locations. The focused user case is that the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.
Relaxed measurement solutions (as indicated in RAN2 LS [1]) include: 
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)
For all three solutions above, eNB needs to indicate that relaxed measurements should be performed, either per UE, or per frequency. The main intention of introducing such solutions is to reduce UE power consumption and/or service interruption caused by measurement gap when performing inter-frequency measurements.
It is critical to think again about the use case for small cell discovery. The main use case should be offloading high traffic UEs when the system load in macro cell is high. When system load at macro cell is low, the necessity for offloading is questionable. In addition, it does not help too much to offload UEs with low traffic when system load is high. To determine which UEs have high volume of traffic can be up to network implementation, e.g. network can perform deep packet inspection in the application layer e.g. typically videos have more bandwidth requirements than voice.
Observation 1: The small cell offloading is typically useful only when the system load at macro cell is high and UE has high volume of traffic. Otherwise, the benefit of small cell offloading is not significant.
With above use case in mind, we can look at the potential gains if the related performance requirements are relaxed. One aspect is the UE power consumption. However, for high traffic UEs, it is expected that UE consumes much more power on data transmission/reception than inter-frequency measurements. Evaluation on UE power consumption (e.g. results from [4] which were captured in TR [3]) only considers the energy spent on inter-frequency measurement itself. 

A simple simulation is done below to show the relative gain of power saving with larger measurement gap pattern lengths. In figure 1, the power saving ratio between MGRP=80ms and MGRP=320ms is shown. It can be seen that the gain by enlarging the MGRP is reduced when user traffic activity is high. In the Figure 1, traffic activity denotes the ratio of subframes used for DL data reception (we only consider the traffic in one direction, however it is expected that there are also UL activity e.g. HARQ ACK). For example, 30% traffic activity means that there are 80*0.3=24 subframes for DL data reception during 80 ms period. Legends of x% power ratio (measurement/tx-rx) denote the ratio of power consumption between measurements and data reception/transmission, for the same duration. For example, 100% ratio means that power consumed for measurements equals to that for data reception/transmission in one subframe. Since typically data reception/transmission consumes much more power than the measurement, more realistic measurement/tx-rx ratios like 50% and 25% are also considered. In these cases, it has been shown that the power reduction due to MGRP increasing from 80ms to 320ms is less than 5% when the traffic activity is around 50%.
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Figure 1: Power saving gain from using 320 ms MGRP

Observation 2: Simulations show the power saving gain by increasing MGRP is very limited when the UE’s load via macro eNB is not too low.

In another scenario, it is argued the macro eNB can buffer the data and instruct UE to perform inter-frequency handover to small cells. Macro eNB then forwards the data to small cell. In this way, there is not much traffic when UE stays in the macro eNB. Then, the power saving gain with longer measurement gap will be significant. However, it should be noted that maximum packet delay budget is 300 ms for all nine standardized QCIs ([5]), which is copied below. With such delay budget, it is impractical to buffer the data while waiting for inter-frequency measurements, which typically takes longer time.
Observation 3: If the macro eNB buffers and forwards the data to small cell, the power saving with longer MGRP is not trivial. However, it is questionable if this buffer-and-forward strategy is viable due to the limited maximum packet delay budget.
Table 6.1.7: Standardized QoS Class Identifier (QCI) characteristics

	QCI
	Resource Type
	Priority
	Packet Delay Budget 
	Packet Error Loss

Rate 
	Example Services

	1
	
	2
	100 ms
	10-2
	Conversational Voice

	2
	
GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
	
	1
	100 ms
	10-6
	IMS Signalling

	6
	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
	
	9
	
	
	sharing, progressive video, etc.)


In RAN4#68bis, the efficiency of Option 1 is questioned due to the potential service interruption caused by measurement gap when performing inter-frequency measurements. However, when the system load is high, the macro eNB is expected to serve quite a few number of UE. As a result, the measurement gap assigned to one UE should be, at the same time, used by other UEs for data transmission. From UE perspective, even for high traffic UEs, it is not expected that UE is scheduled to transmit/receive data continuously. Overall, the impact due to unused measurement gap is negligible.
Observation 4: When the system load is high, the impact due to unused measurement gap in Option 1[1] is negligible.

Based on above discussion, there is no significant impact on UE power consumption or service interruption when current mechanisms are used for inter-frequency small cell discovery. Therefore enhancements in this area are not needed.

Proposal: The enhancements for inter-frequency small cell discovery are not very beneficial. Therefore, the corresponding performance requirement relaxation is not needed.
3      Conclusion
In this contribution, we discuss issues related to the performance requirement relaxation for inter-frequency small cell discovery. It is observed that 
Observation 1: The small cell offloading is typically useful only when the system load at macro cell is high and UE has high volume of traffic. Otherwise, the benefit of small cell offloading is not significant.
Observation 2: Simulations show the power saving gain by increasing MGRP is very limited when the UE’s load via macro eNB is not too low.

Observation 3: If the macro eNB buffers and forwards the data to small cell, the power saving with longer MGRP is not trivial. However, it is questionable if this buffer-and-forward strategy is viable due to the limited maximum packet delay budget.
Observation 4: When the system load is high, the impact due to unused measurement gap in Option 1[1] is negligible.

Based on the above observations 1-3, it is proposed

Proposal: The enhancements for inter-frequency small cell discovery are not very beneficial. Therefore, the corresponding performance requirement relaxation is not needed.
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