
3GPP TSG-RAN WG2 #87
R2-143105
18th – 22nd August 2014
Resubmission of R2-142014
Dresden, Germany
Source:                    
NTT DOCOMO, INC., CMCC
Title:  
Load balancing enhancements for multiple carrier deployments
Document for:        
Discussion and decision
Agenda Item:         
7.9.1
1. Introduction
In the recent RAN2 meetings, a need of enhanced load balancing for UEs in RRC_IDLE was proposed to address the following potential issues:

Issue 1: Uneven idle mode UE distribution among multiple carriers [1]
The limitation of the existing load balancing mechanisms (e.g., common/dedicated priority) was addressed for the multiple carrier deployment. Separate handling for UEs supporting a specific service (e.g., eMBMS) was also proposed to take into account.
Issue 2: Uneven cell load in the heterogeneous network [2]

Cell specific reselection priority was proposed to enhance the existing mechanisms in particular for the heterogeneous network deployment.
All proposals were postponed to continue to discuss for further. This paper attempts to pay attention to another viewpoint for enhancing the load balancing strategies and propose a potential solution.
2. Discussion
2.1. Example of existing load balancing strategy
As for the load balancing strategy, the followings were observed in [2]:
· The primary objective of idle load balancing should be to achieve and maintain a good load balance in connected mode, not the other way around.
· An important advantage of balancing load in connected mode is that the eNB can take into consideration QoS, UE resource situation and measurements, so that UEs which are relocated are not negatively impacted.
· Load balance can be achieved with actions in connected mode, where minimizing the active relocations can be achieved with a good strategy to preserve the UE distribution in idle mode. This would reduce the need for load balancing action in connected mode.
In addition, we would like to emphasise that all these strategies are aimed at maximising per-user throughput in the concerning area where multiple carriers are overlaid. As such, the following can also be observed:

Observation 1:

The primal objective of all the load balancing strategies is to maximise per-user throughput.

To achieve them, i.e., maintaining an even load in connected and preserving the UE distribution in idle, the following mechanisms for instance can be used as illustrated in Fig.1(a):
· Inter-frequency handover when a UE originates a U-plane session (e.g., idle to connected or DRX to non-DRX)

· RRCConnectionRelease with redirection when a UE ends a U-plane session.
For both methods, the live cell load on the target cell is taken into account. Namely, the eNB can select the target cell on which the cell load is low. This is also useful for RRCConnectionRelease since the UE is likely to originate the subsequent U-plane session on the redirected carrier unless there is a higher priority carrier than the redirected carrier. As the objective is to distribute the load among multiple carriers, we assume that the NW does not set such a priority or redirect to such a carrier. 
Although the UE is moved to the low load carrier by the above methods, the UE may reselect the other carrier while in the idle mode. Even though an equal priority is set to the concerning carriers, the UE tends to reselect the lower frequency band. This is due to the current cell-ranking criterion that RSRP is used for ranking the serving and the neighbour cells. To compensate the pathloss difference between the carriers, a frequency specific offset, Qoffsetfrequency can be set as illustrated in Fig.1(b) [3]. 
[image: image1.emf]Cell load: low

Cell load : high

Load Information

Inter-freqHO or RwR

(a) Load balancing in connected mode

eNB:B

（

F2 MHz

）

(b) Load balancing in idle mode

PL

F2

F1

Inter-freqCell reselection

Offset, 

freq

eNB:A

（

F1 MHz

）


Fig.1:
Example of the existing load balancing strategy

2.2. Potential issue to be enhanced
RSRQ is typically used as a measurement quantity for inter-frequency handover. In particular, RSRQ is a sufficient metric for mobility oriented handover to learn the poor service quality on the serving cell. This is due to the characteristic that the low RSRQ value can imply the low throughput as shown in Fig.2(a). 
With regards to inter-frequency handover or release with redirection for the load balancing purpose, RSRQ together with the cell load can be used for the eNB to decide the best cell observing the high radio quality and the low load. Nevertheless, the high RSRQ value does not always result in achieving the high throughput as shown in Fig.2(a). This is due to the characteristics in the higher RSRQ range that:
· The achievable throughput varies to a great extent depending on the serving cell load (Fig.2(a)).

· Limitation on the dynamic range of RSRQ in terms of SINR (Fig.2(b))

In the SINR region larger than 10 dB, RSRQ is the same.
With these facts, the eNB cannot expect the achievable throughput on the target cell from the RSRQ value. This is a challenging issue to achieve the primal objective in Observation 1.

Observation 2:
To maximise per-user throughput by the existing load balancing methods, RSRQ in the higher value region cannot be used to expect the achievable throughput.
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RSRQ vs throughput










(b)
SINR vs RSRQ
Fig.2:

RSRQ characteristics in relation to throughput and SINR
With regards to the idle mode method, even if the frequency offset can be used to compensate the pathloss difference, an appropriate offset value is different from cell by cell due to the different radio wave propagation characteristics (e.g., Line of Sight or Non-Line of Signt). Hence, it would not so accurate. As the details and potential solutions can be found in [1], this paper does not look into the idle mode issue.
2.3. Potential solution
To address the challenge explained in sub-clause 2.2, if the UE were able to measure and report “ideal” SINR, the eNB could expect the achievable throughput on the target cell as shown in Fig.3. The “ideal” SINR in this paper means that desired signal, thermal noise and interference are measured in the entire system bandwidth. On the other hand, it is too complicated and much effort for the real UE (not in the simulation) to calculate the ideal SINR. If the UE is required to do this, increased power consumption is also another side effect. That was also the reason why SINR was not specified as a measurement quantity for LTE in Rel-8. Instead, RSRQ was chosen due to its simpler calculation.
Alternatively, SINR measured on CRS (RS-SINR) can be considered for the eNB to estimate the achievable throughput on the candidate target cells. In fact, the current UE from Rel-8 already measures RS-SINR in the PDCCH region for Radio Link Monitoring. It is said that RS-SINR is used for the antenna bar display in the Android platform. As such, there was a proposal in TSG-RAN to introduce RS-SINR and define the performance requirement in the specification [4]. In reality, it seems not a new measurement quantity but already be supported. Additionally, as pointed out in [5], SINR will be a more accurate and useful measurement for the evaluation of network performance and thereby the optimization, if introduced in MDT.
One potential drawback is that RS-SINR cannot take into account the noise and the interference observed other than CRS. Even with that, if RSRQ is also reported together with RS-SINR, RSRQ can still be used to estimate them. Therefore, RS-SINR reporting together with RSRQ can be a potential solution to address the challenge and help to maximise the per-user throughput. 
Support of RS-SINR measurement and reporting will require the specification change owned by RAN1/2/4 (e.g., 36.133/214/331). Thus, it is sensible to discuss this potential solution in Rel-13. Consequently, the following is proposed:

Proposal 1:
RS-SINR measurement and reporting is proposed to discuss in Rel-13 as a potential solution for maximising per-user throughput by the load balancing in RRC_CONNECTED
Proposal 2:
RS-SINR measurement and reporting is also proposed to discuss in Rel-13 for providing a new method to assess network performance through MDT.
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Fig.3:

SINR vs throughput

3. Summary and proposal
For the need of load balancing enhancements, the following were observed.
Observation 1:

The primal objective of all the load balancing strategies is to maximise per-user throughput.

Observation 2:
To maximise per-user throughput by the existing load balancing methods, RSRQ in the higher value region cannot be used to expect the achievable throughput.

In conclusion, the following was proposed.

Proposal 1:
RS-SINR measurement and reporting is proposed to discuss in Rel-13 as a potential solution for maximising per-user throughput by the load balancing in RRC_CONNECTED
Proposal 2:
RS-SINR measurement and reporting is proposed to discuss in Rel-13 for providing a new method to assess network performance through MDT.
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