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1 Introduction

At the 3GPP TSG RAN #39 meeting, two SIs on LTE-A have been approved in RP-080137 and RP-080138. The requirements for LTE-A, which is based on the ITU-R requirements for IMT-A as well as 3GPP operators’ own requirements for advancing LTE consideration, have been discussed in RAN1, and defined in [1]. In order to meet the requirements set forth for LTE-A, some candidate technology components were proposed by RAN1, e.g. carrier aggregation (CA), coordinated multiple point transmission and reception (CoMP), relay, further enhanced MBMS and mobility enhancement. 

CoMP is considered for LTE-Advanced as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [2]. 
In this document we review some of the consensus on CoMP reached by RAN1 and discuss on their impact on RAN2. 
2 Discussion
2.1 Network topology
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Figure.1 Network topology of CoMP System
Coordinated multi-point transmission and reception implies dynamic coordination among multiple transmission and reception points. As shown in figure1, in the CoMP network, each eNB contains one or multiple cells, and each cell contains one or multiple Tx/Rx points.
In RAN1 #56bis meeting, the concept of serving cell is agreed. Serving cell is the cell transmitting PDCCH assignments (a single cell), and this is the serving cell of Rel-8..

Multiple CoMP sets are also defined in RAN1 to support downlink coordinated transmission:
· CoMP cooperating set: set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE. CoMP transmission point(s) which actively transmit PDSCH to UE is a subset of the CoMP cooperating set. This set may or need not be transparent to the UE.
· CoMP reporting set: set of cells about which channel state/statistical information related to their link to the UE is reported.

· Measurement set: in support of RRM measurements (already in Rel-8) and therefore not CoMP specific.
2.2 CoMP impact for RAN2
2.2.1 Measurement and maintenance CoMP set
For selecting suitable coordinated transmission cell, UE shall perform physical layer and higher layer measurement and measurement reporting based on the above CoMP sets.  
CoMP transmission point(s) are expected to be selected dynamically from CoMP reporting set based on physical layer measurement results (e.g. CQI, PMI, CSI, etc). All the Cells in CoMP reporting set will be measured, and considering the air- interface overload, down-select cells measurement results may be reported.
The higher layer measurement object is similar with Rel-8 according to the definition of measurement set. UE shall detect and measure all frequencies listed in the measurement set. The suitable cell which triggers the corresponding measurement event can be reported to eNB for serving cell and reporting set update.
CoMP reception point(s) selection can be similar with CoMP transmission point(s) selection. CoMP sets which may be similar with downlink coordinated transmission are also needed to definition in UL CoMP.  

Within measurement set, cells may have difference transmission power classes and may be in different interference condition. CoMP reporting cell in DL may not be suitable for UL coordinated reception. Thus we assume it is needed to maintain different CoMP reporting sets for DL and UL separately. 
If the new cell enters the CoMP reporting set in DL, UE would measure and report the physical layer measurement result (e.g. CQI, PMI) for selecting suitable CoMP transmission point(s), also at least the physical layer configuration of the new CoMP reporting cell can be modified to UE for receiving the PDSCH in this cell. The related deletion or modification of radio resource configuration is needed when CoMP reporting cell leave this set.
Proposal: We propose that new procedures for management of CoMP reporting set shall be introduced, for cell entering and leaving this set.
2.2.2 Handover 
According to the agreement in RAN1, the definition of serving cell in CoMP is the same as in Rel-8, thus, scheduler, L2 stack and backhaul termination are still co-located in one single cell, i.e. serving cell as in Rel-8. Serving cell update procedure in CoMP is similar to current LTE handover procedure. From a UE perspective, the message could be a RRC connection reconfiguration. When receiving the command to perform CoMP serving cell update, UE shall detect and monitor PDCCH of the new cell. 
There are two differences between serving cell update and handover in LTE. If the target serving cell is within UL CoMP reporting set, network has the time delay difference between UE and serving/non-serving cell. Thus there is no need to attempt RACH access during serving cell update procedure and the handover delay can be reduced by less RACH access. To ensure the uplink signals covered by CP window in all coordinated reception cells, eNB should measure uplink signals (e.g. SRS, PUSCH, PUCCH) to achieve the arriving time in CP window. If necessary, timing advance (TA) can be informed to UE via downlink signaling. If the target serving cell is not included in UL CoMP reporting set, whether RACH procedure is necessary needs be future discussion. Another potential difference is concerning the physical layer configuration. If the target serving cell is in the CoMP reporting set, the physical layer configuration may not be changed. During the handover procedure, there will be no or simplified reconfiguration e.g. only new serving cell id may be needed to notify UE during serving cell update. 

It is FFS if the serving cell update should be further simplified in cases when serving eNB relocation is not done, i.e. if there is a need to differentiate in the Uu interface between inter-eNB and intra-eNB cases.
Proposal: We propose that it shall be possible to do serving cell update in CoMP reporting set, without RACH access.
Proposal: We propose that the baseline for serving cell mobility procedure is the existing handover procedure. 
2.2.3 HARQ operation
2.2.3.1 Uplink HARQ operation in inter-eNB CoMP
For UL CoMP, the data transmitted from one UE can be received by all coordinated reception cells. The received data from all coordinated reception cells will be combined and decoded, and the decode result (ACK/NACK) then will be feed back to UE from the serving cell.

If all the coordinated reception cells for one UE are located in the same eNB, the received data can be joint decoded in the serving cell. But if the coordinated reception cells are in different eNBs, additional scheduling information and received data packets will be transmitted on X2 interface. Enhanced X2 interface capability in CoMP is FFS. In this section, three options of HARQ operation for UL CoMP and the impact on latency, bandwidth on X2 and complexity in the inter-eNB UL CoMP condition are analyzed.
Option1: scheduling and joint decoding in serving eNB
In this case shown in figure 2, the received data (physical bit streaming before decoding) from non-serving eNB is forwarded to serving eNB on X2, and the serving eNB takes charge of joint decoding. As all the received data is forwarded to serving eNB for joint decoding, only once decoding is needed in serving eNB.
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Figure.2 HARQ operation for option1
For satisfying the HARQ RTT, the total latency including serving eNB processing time, propagation roundtrip time, and backhauling latency [3] should be less than 3ms. Based on LTE discussion, a time of approximately 2 ms for UE processing (decoding in case of DL transmission and encoding/multiplexing in case of UL transmission) and approximately 3 ms for eNB processing (scheduling/multiplexing/encoding in case of DL transmission and decoding in case of UL transmission) is considered as reasonable [4]. Considering the improved decoding arithmetic, faster hardware processing speed and enhanced X2 latency performance etc, it is still FFS whether the total latency can be less than 3ms. If the total latency can not satisfy HARQ RTT, the joint decoding result can not be feed back to UE on the specific TTI in HARQ RTT. 
Considering the bandwidth requirement on X2, as physical bit streaming is N (usually 3-5) times larger than MAC PDU and each coordinated reception cell which is in the non-serving eNB would forward its received data to serving eNB, if multiple coordinated reception cells (M) are not with one serving eNB, the requirement for X2 bandwidth is (
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) times larger than MAC PDU transmission for one coordinated reception TTI. 
Thus, in this option:

· Latency requirement: Considering the improved decoding arithmetic and faster hardware processing speed, enhanced X2 latency performance etc, whether latency can satisfy HARQ RTT is FFS. 

· Bandwidth requirement on X2: As the physical bit streaming for each coordinated reception cell within non-serving eNB will be forwarded to serving eNB, bandwidth requirement for X2 interface is large. 

· Complexity requirement: As all received data is forwarded to serving eNB for joint decoding, only once decoding is needed.
Option2: scheduling and joint decoding which is performed when serving eNB can not local decode correctly in serving eNB
If the latency can not satisfy HARQ RTT in option1, option 2 shown in figure 3 shall be considered. In this option, two level decoding can be performed in serving eNB. First decoding is performed by serving eNB based on local received data. If the data can been successfully decoded, ACK will be feedback to UE in the current HARQ RTT.  If not, serving eNB can perform second decoding based on all received data from both serving eNB and non-serving eNB. At the worst case, the serving eNB local decoding is not successful, twice decoding is needed for serving eNB.
Considering the latency, if serving eNB is decoding successful, HARQ RTT may be satisfied. 
The bandwidth requirement on X2 is similar with option 1. 


[image: image4.emf]UE

Non-serving eNB Serving eNB

Physical bit streaming 

Serving eNB perform decoding based on local received data firstly . 

If not decoding correctly, joint decoding will be performed secondly.

Scheduling info

HARQ Feedback


Figure.3 HARQ operation for option2

Thus, in this option:

· Latency requirement: If serving eNB is decoding successful, HARQ RTT may be satisfied.
· Bandwidth requirement on X2: As the physical bit streaming for each coordinated reception cell within non-serving eNB will be forwarded to serving eNB, bandwidth requirement for X2 interface is large. 
· Complexity requirement: At the worst case that the serving eNB local decoding is not successful, twice decoding is needed for serving eNB.
Option3: scheduling in serving eNB, joint decoding in both serving and non-serving eNB
In this case shown in figure 4, received data from coordinated reception cells will be decoded locally in both serving eNB and non-serving eNB separately. The decode result (ACK/NACK) of non-serving eNB can be forwarded to serving eNB before the feedback TTI in current HARQ RTT. If the non-serving eNB can decode successfully, MAC PDU will be forwarded to serving eNB. If not, physical bit streaming will be forwarded as in option 1 and 2. At the worst case, neither serving eNB nor non-serving eNB can local decode successfully, thrice decoding should be performed.
Considering the latency, if non-serving eNB decode successfully, ACK can still be forwarded to serving eNB in the first instance. Either serving eNB or non-serving eNB decode correctly, ACK may be feed back to UE in current HARQ RTT and release the HARQ process. But if neither serving eNB nor non-serving eNB decode successfully, and then joint decoding is performed in serving eNB, time delay for non-serving eNB decoding needs to be added to the total latency. 

Considering the bandwidth impact on X2, if the non-serving eNB can decode successfully, MAC PDU will be forwarded. Comparing with physical bit streaming forwarding per coordinated reception cell, the bandwidth can be substantially saved.
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Figure.4 HARQ operation for option3
Thus, in this option:

· Latency requirement: either serving eNB or non-serving eNB decode correctly, HARQ RTT may be satisfied. 

· Bandwidth requirement on X2: if the non-serving eNB can decode correctly, MAC PDU is forwarded, bandwidth can be substantially saved. 

· Complexity requirement: At the worst case that neither serving eNB nor non-serving eNB can local decode successfully, thrice decoding should be performed.

2.2.3.2  HARQ operation during serving cell update
As discussed above, if the target serving cell is within the CoMP reporting set, i.e. UE is synchronized with the target serving cell, RACH procedure is not needed during serving cell update and there would be no or simple RRC reconfiguration for UE. Based on this assumption, the U-Plane interruption time during serving cell update for DL will be less than LTE.

Thus, during this procedure, when the serving cell is updated successfully, those MAC PDU and feedback information can be continually transmit and receive in target serving cell. Thus, MAC PDU re-transmission in HARQ process and retransmission of the successfully transmitted RLC PDU can be avoided during serving cell update. From a UE perspective, during serving cell update, there is almost no UP interruption, i.e. the data transmission is continually transmitted to target serving cell with related scheduling information from source serving cell. 
Proposal: We propose that the solutions for UL HARQ described in this document shall be recognized and documented in 36.912 as example solutions.
3 Conclusion

In this contribution, we have discussed RAN2 impact to implement CoMP operation in LTE-A.
Proposal: We propose that new procedures for management of CoMP reporting set shall be introduced, for cell entering and leaving this set.

Proposal: We propose that it shall be possible to do serving cell update in CoMP reporting set, without RACH access.
Proposal: We propose that the baseline for serving cell mobility procedure is the existing handover procedure. 
Proposal: We propose that the solutions for UL HARQ described in this document shall be recognized and documented in 36.912 as example solutions.
Huawei volunteers to author text proposal based on agreeable parts. 
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