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1 Introduction
Uplink (UL) coordinated multipoint (CoMP) reception is a key technology in Rel.11 to enhance UL capacity of LTE-advanced network and significant gains are observed in the evaluation of CoMP SI [1]. In this contribution, we discuss potential standardization impact of UL CoMP-related operations. We identify the following aspects may impact the standardization.
· Power control
· Interference management for RS and PUCCH 
· Reception point (RP)/Transmission point (TP) selection using UL/downlink (DL) reference signals
2 UL power control suitable for CoMP operation
Independent RP/TP connection for UL and DL is beneficial for a heterogeneous network since UE uplink signal is received at the nearest (i.e. lowest pathloss) RP as illustrated in Fig.1. However, the current power control mechanism is not optimum since it is performed to compensate for the DL pathloss using CRS. In CoMP scenario 3, the pathloss between macro RP and UE is likely larger than that between pico RP and UE. Therefore, the UE transmit power is set to be larger than that required for the reception at pico RP, and hence, UE transmits with high power and causes a large interference. In CoMP scenario 4, the same CRS is transmitted from both macro and pico RP/TP. This also results in transmit power mismatch for UL to pico RP.
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Figure 1
. Different RP/TP connection for UL and DL
The PUSCH power control equation is expressed as [2] 


[image: image2.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

+

=

)

(

)

(

)

(

)

(

))

(

(

log

10

),

(

min

)

(

c

TF,

c

O_PUSCH,

c

PUSCH,

10

,

CMAX

c

PUSCH,

i

f

i

PL

j

j

P

i

M

i

P

i

P

c

c

c

c

a

.
Although it may be possible to set an appropriate power by the power control command in PDCCH (i.e. adjusting fc(i)), it would require some time until converging the power and PDCCH overhead. We consider following two methods are possible as an optimization.
· Method 1: Adjust the UE-specific power offset

In Rel.10, eNB can configure P0_PUSCH in a UE-specific manner with the range of [8: 7] dB. If the range is not sufficient, additional offset needs to be specified. In this method, eNB calculates the appropriate offset value based on the reported RSRP or received power of SRS transmitted in uplink. The calculated offset is indicated to UE by RRC or MAC signaling. If a frequent update of the offset is required due to UE mobility, MAC signaling is preferable. In this method, which RP/TP is used is transparent to UE. Therefore, any choice of RP/TP is possible.
· Method 2: Use the pathloss reference derived from RP different from DL TP
UE calculates the pathloss for uplink power control based on the CRS or CSI-RS from uplink RP which may be different from TP. Alpha value at the RP (pico RP in Fig. 1) may additionally be configured. In this case, an appropriate power control of the UE is possible without any calculation at network side. For this method, power information for the calculation of pathloss is required to be informed to the UE. Furthermore, it should be discussed how to derive the pathloss in case of more than one reception point. This method cannot be used in an operation scenario where different geographically distributed antennas use the same CSI-RS for DL (e.g. DL transmission for SFN combining gain) because the reception point scan not be distinguished. One example is an operation with combined DL transmission from geographically distributed antennas and separate UL reception, as discussed in Rel.8 [5]. Therefore, some restriction of TP and RP is required for this method, which is not preferable considering the design of DL CoMP, which is targeting transparent operation for a flexible network deployment. 
3 Interference management for RS and PUCCH 
For a HetNet scenario, inter-cell interference management for RS and PUCCH is important for system throughput improvement. In CoMP scenario 3, UEs in a macro cell coverage area may use RSs generated by different cell IDs. These RSs are non-orthogonal and become strong interference. In CoMP scenario 4, RSs used in a same cell are orthogonal. However, since the number of sequences and/or resources of RS may not be sufficient for CoMP scenario 4, the same RS should be reused in the same macro cell coverage area. Randomization effect cannot be achieved since the RS sequence and CS is derived from the same cell ID, and hence, this usage also causes strong interference. 
We propose to introduce a UE-specific “virtual cell ID” concept which offers various merits for CoMP operations. For CoMP scenario 3 (Fig. 2 (a)), a UE connected to different RP/TP for UL and DL can use different cell IDs for UL and DL. If the pico cell ID is assigned as the virtual cell ID to the UE, the UL signal transmitted by the UE can be managed to be orthogonal from other UEs who are connected to the pico TP/RP. For CoMP scenario 4 (Fig. 2 (b)), virtual cell ID assignment for UEs located in different areas of a same cell offers reusability of the same uplink resource in the cell thanks to the interference randomization effect through UE-specific pseudo-random sequence generation. 
[image: image3.emf]Pico node

Macro node

Cell ID#1

Cell ID#2

Cell ID=#1

Virtual cell ID=#2(apply only UL)

     [image: image4.emf]Cell ID #0

Macro node

Virtual cell ID#1

Virtual cell ID#2

Randomization

Orthogonal

Pico node


(a) For CoMP scenario 3



(b) For CoMP scenario 4

Figure 2
. Virtual cell ID concept.

The virtual cell ID concept is also beneficial to PUCCH interference management. In addition to the virtual cell ID, it would be beneficial to divide the PUCCH resource region into CoMP-specific and cell-specific resource regions as proposed in [3]. CoMP-specific PUCCH resource region is used for UEs having virtual cell ID, while cell-specific PUCCH resource region are used for UEs without virtual cell ID. Therefore, we propose to further study the combination of PUCCH resource configuration and the virtual cell ID. 
3.1 RP selection using UL/DL reference signals

RP selection can be done by using UL/DL reference signals. Although the RP selection itself is the implementation matter, we need to discuss whether the assistant mechanism is necessary or not to identify the standardization impact. We consider that CRS based RP selection can be used without any spec impact for CoMP scenario 3. For CoMP scenario 4, CSI-RS based method needs further study especially in the relation to DL CoMP TP selection. Further study is also needed on whether or not some enhancement on SRS based method is necessary. For details, see [4].
4 Conclusion 

In this contribution, standardization impacts of UL CoMP-related operations were identified. We concluded that the following aspects impact on the standardization:
· Power control mechanism should be modified for better supporting of independent TP/RP-connection for UL and DL.
· Interference management for RS and PUCCH should be studied. Virtual cell ID concept allows for an efficient interference management for CoMP.

· Further study is needed on whether or not SRS should be modified for CoMP RP selection.
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