Page 8
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG3 #74
R3-112835
November 14 - 18, 2011

San Francisco, USA

Agenda Item:
12.1
Source: 
Potevio
Title: 
Discussion on per UE carrier selection in macro plus pico deployment
Document for:
Discussion and Approval

1. Introduction

The way forward [3] in RAN3#73 meeting agreed that per UE carrier selection for pico and macro respectively will be of the highest priority in the macro plus pico deployment in the offline discussion of RAN3 #73. In this contribution we further identify the interference scenario and present our consideration on per UE carrier selection for macro plus pico deployment. 
2. Carrier selection
When the carrier based inter-cell interference coordination is used to mitigate interferece in macro plus pico deployment, both macro eNB and pico eNB need to have the knowledge of which carriers to transmit for their severely interfered UE. Irrespective of the interference scenarios, the carrier is usually categorized as basic carrier and complementary carrier. Basic carrier resource is required to have the capability of serving its coverage area with ensured quality, which may be referred as the main carrier. In contrast, the complementary carrier targets at providing more capacity for the system. Next, we further identify the interference scenario, describe the interference problem and propose the possible solutions.
2.1 On the downlink interference scenario
2.1.1 Description

The interference is well known as the UEs in the expanded area of pico cell with CRE suffer from severe interference from macro eNB. For the interference in the PDSCH, the release 10 ICIC technique, including FFR/SFR/RNTP may be applied to mitigate the interference effectively. The key problem is how to resolve the interference from macro to the pico eNB in the PDCCH.   

2.1.2 Solution

Actually, macro may utilize the basic carrier of pico eNB as the complementary carrier by reducing/blanking the transmission power of the PDCCH or that of both the PDCCH and PDSCH, in order to increase the spectral utilization efficiency overall the system. Likewise, the pico eNB may utilize the basic carrier that is employed for macro eNB as the complementary carrier. Via cross carrier scheduling, the complementary carrier may be under good utilization for improving spectral utilization efficiency albeit the blanking of the PDCCH. 
As the PCell can only be changed with handover procedure, it can not be deactivated at random like SCell. Hence, it is essential to choose an appropriate PCell for a UE. Depending on the distribution of UE, there are different regulations for PCell selection. 
In principle, for the cell edge UE, we propose that the PCC/SCC selection should follow the following criterion. 

Criterion 1: The PCC of cell edge UE can be only in the basic carrier list; 

Criterion 2: The SCC of cell edge UE that is intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the basic carrier list;

Criterion 3: The SCC of cell edge UE that is not intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the complementary carrier list;

For the cell centre UE, the PCC/SCC selection may disregard these rules. However, PCC/SCC selection of this part of UE should be preferred from the complementary carrier list to leave more selection scope to the cell edge UE considering the precious basic carrier. Therefore, we have

Criterion 4: PCC/SCC selection of cell centre UE should be preferred from the complementary carrier list.

Proposal 1: In the downlink interference scenario, per UE carrier selection should observe the above mentioned Criterions1-4. 

2.2 On the uplink interference scenario

2.2.1 Description
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Fig.1 Uplink interference scenario
In the homogeneous network, the uplink interfering source is usually identified as the cell edge UE that are close to the target eNB. However, in the heterogeneous network, as illustrated in Fig. 1, some UEs that are close to the cell edge area of pico eNB, e.g., macro UE 1 and macro UE 2, serve as the uplink interfering source of pico eNB. Moreover, some UEs that are far away from the cell edge area of pico eNB, e.g., macro UE 3, may be also the potential uplink interfering source, if the PL difference of these part of UE to the macro and pico eNB is larger than a predefined PL threshold. This has been noticed by most of the companies [2-5].  

These part of macro UEs that are the potential uplink interfering source of pico eNB, may adopt the Pcell/SCell that are adopted as the PCell at the pico eNB side. As PUCCH is transmitted on PCell, it may result in sever interference and aggravate the system performance. Although SCell may be deactivated and changed to the other carriers, it still cause large quantity of transferring, which is not beneficial for system performance improvement.
Therefore, the key issue is to identify the uplink interfering source. Based on it macro eNB may avoid to schedule these part of UE to utilize the same carrier as the cell edge UE in the pico cell to mitigate the interference between each other. However, according to the current measurement criteria, the question is that it is quite difficult for these part of UEs to detect the RSRP and report to macro eNB. Next , we analyze some possible solutions.
2.2.2 Solution

Scheme 1: Revise of the current measurement mechanism

The measure may be triggered for the uplink interfering macro UE that are far away from the cell edge area of the pico eNB by disabling s-measure criteria. After obtaining the RSRP information, the macro eNB may identify the uplink interfering source based on the network side judgement. However, it may result in heavy control overhead in the measurement and report to the macro eNB; 

Scheme 2: Based on the location information

This solution is similar with the ASF function for CSG cell discovery defined in Rel-9. The UE has to have the knowledge of the location information of small cell and itself. When it realizes it is within the predefined uplink interfering area of a certain pico eNB, it will disable s-measure criteria and trigger the measurement towards pico eNB. Although it is not difficult to implement, it is of some shortcomings such as whether the network should indicate the pico eNB location information to UE as well as whether a UE has to record various uplink interfering area towards different pico cells locally etc. Moreover, as UE is required to have more capability of location information acquiring and computation, it will put burden on UE power consumption as well as system complexity. 
Scheme 3: Based on the Preamble code 

The proposal [5] suggests a procedure that allows the macro eNB to identify the interfering macro UE through allowing pico eNB to indicate the related information such as preamble code over X2 interface and macro UE to transmit over these pre-regulated preamble code. The pico eNB overhears information from the macro UE over the pico cell’s uplink control or data channels. When the pico eNB perceives the strong interference from part of these suspected macro UEs, it forwards the corresponding information to the macro eNB, so that macro eNB may identify the uplink interfering macro UE. However, it requires the pre-notification of the allocated preamble code and further confirmation of the the preamble code of the identified macro UE that cause large interference. Consequently, it may result in a large quantity of control overhead over X2 interface. Moreover, it requires the indication of the timing adjustment to the macro UE over the air interface, which also exerts a burden to the system signaling.

Scheme 4: Based on the restricted measurement trigger 
Aware of the fact that scheme 1 suffers from that a large number of macro UEs outside of the UL interference area will be triggered to measure the neighbor cells due to the decreasing of s-measure threshold, we would like to provide a scheme based on the restricted measurement trigger. The load indication message such as OI can be utilized to restrict the triggered area, to reduce the overhead of unnecessary measurement towards neighbor cell. In particular, the macro eNB can learn from the OI which PRBs have been interfered in the pico. Since macro eNB knows which part of macro UEs have been scheduled in those PRBs previously, it may request these part of macro UE to be triggered for neighbor measurement. Consequently, the UL interfering macro UEs that belong to these part of UEs may be identified. 
Scheme 5: Based on the mechanism of RSRP combined with RSRQ

Another mechanism is based on the measurement of RSRP combined with RSRQ to judge whether to trigger measurement towards the pico cell. The uplink interfering source may be identified by integrating whether RSRQ is lower than some predefined thresholds. With an appropriate determination of the judgement threshold, this approach may somewhat deal with the problem of uplink interfering source identification，and achieve the tradeoff between unrestricted control signaling suffered in scheme 1 and the reduced discovery of uplink interfering source with the current measurement mechanism. It also does not incur additional control signaling over X2 interface in scheme [3]. Of course, whether this scheme is sufficient and effective for the identification of the uplink interfering source is FFS.
In summary, we provide the analysis of various solutions towards the identification of uplink interfering source.  Based on the above analysis, the solution that is of the highest priority for discussion is FFS. 

Proposal 2: The focus of Per UE carrier selection in the uplink interference scenario is how to resolve the identification of the uplink interfering source and the detailed schemes are FFS. 
3. Conclusion
This contribution gives some consideration on RAN3 work for carrier based HetNet ICIC support with the following proposals:
Proposal 1: In the downlink interference scenario, per UE carrier selection should observe the above mentioned Criterions1-4. 
Criterion 1: The PCC of cell edge UE can be only in the basic carrier list; 

Criterion 2: The SCC of cell edge UE that is intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the basic carrier list;

Criterion 3: The SCC of cell edge UE that is not intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the complementary carrier list;

Criterion 4: PCC/SCC selection of cell centre UE should be preferred from the complementary carrier list.

Proposal 2: The focus of Per UE carrier selection in the uplink interference scenario is how to resolve the identification of the uplink interfering source and the detailed schemes are FFS. 
4. References
[1] R3-112286, The way forward for the carrier-based HetNet ICIC, Nokia Siemens Networks

[2] R3-112618, Further discussion on operational carrier selection, Nokia Siemens Networks
[3]R3-112550, Discussion on per UE based PcellScell selection for CA, ZTE

[4]R3-112611, Carrier-based HetNet ICIC, Kyocera

[5]R3-112404, Discussion on per UE carrier selection for CA, CMCC



















































