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1. Introduction
In UL CoMP scenario, multiple reception points or one of those configured as a CoMP set are targeted by a CoMP UE. Those reception points can be configured by either different physical cell id or the same cell id. Therefore relevant method to guarantee orthogonality between those UL channels under a variety of UL CoMP schemes (e.g. PUSCH) should be addressed. Furthermore, further issue on enhancement of the uplink reference signal in Rel-11 was identified as following:

· Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception

In this contribution, we discuss some consideration for UL PUSCH/PUCCH RS enhancement in new deployment scenarios for Rel-11.
2. Uplink Channel Orthogonality under CoMP
In LTE/LTE-A system, two types of uplink reference signals are supported; Demodulation reference signal (DM RS) associated with transmission of PUSCH or PUCCH, Sounding reference signal (SRS) not associated with transmission of PUSCH or PUCCH. The same set of base sequences is used for demodulation and sounding reference signals [1]. 
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Figure 1: Various combination of TX/RX points
Under CoMP operation based on multiple TP (transmission point) and RP (reception point), TP and RP may not be operated based on the same cell id. For example, uplink control information (PUCCH) corresponding to PDSCH transmission from eNB#1 can be targeted to eNB#2 under UL PUCCH CoMP operation. Similarly, uplink shared data transmission (PUSCH) scheduled by downlink control information (PDCCH) from eNB#1 can be targeted to eNB#2 which has different cell id. Therefore the reference signal sequence generation for PUSCH and PUCCH should be done based on different cell id from downlink cell id to keep the orthogonality among DM RS of PUSCH or PUCCH (it is noted that PUCCH payload sequence should follow the same method as in PUCCH DM RS). 

In order to implement multiple cell id based uplink channel (i.e. multipoint reception), UE should be informed of the uplink reception point information which is about to which point/cell UE should target when generating UL transmission signal. If the downlink multipoint transmission is activated together, the UE should be informed of the downlink transmission point information as well. In such case the pairing information about DL points and UL points in terms of cell id could be conveyed to UE to alleviate signaling burden. 
Meanwhile under the same cell id such CoMP scenario 4 (with RRH) the TP and RP will share the same cell id, the same set of base sequence (e.g. for PUSCH, PUCCH) should be used for different points within the same CoMP operation set. In such case different type of DM RS sequence assignment rule for non-CoMP and CoMP operation can be considered. For example, CoMP specific DM RS sequences are reserved by different generation rule from conventional DM RS, by changing or modifying input parameters to sequence generator (e.g. cell id or sequence group, cyclic shift, OCC, offset value for hopping and etc).
Finally, it is necessary to allow the network to configure the UL RS sequence irrespective of the serving cell id. This configurability can provide RS orthogonality at a point which receives a neighboring cell PUSCH co-scheduled with PUSCH of its own cell in MU-MIMO manner. Also, this feature is needed to multiplex many PUSCH within a cell having geographically separated antennas

Proposal 1: Configurability for PUSCH/PUCCH DMRS orthogonality is supported.
3. UL DM RS enhancement in the new deployment scenario
In this section, we discuss UL RS sequence group allocation in the new deployment scenarios such as CoMP scenario 3 and 4.
3.1. Cross-correlation property for potential RS sequence group allocation candidates
There are two approaches for RS sequence group allocation.

· Case-1: Cell-specific RS sequence group allocation as in LTE  Rel-8

· Case-2: Single RS sequence group allocation across multiple cells

As discussed in Rel-8, we investigated cross-correlation property for both Case-1 and Case-2 in order to compare two different approaches for RS sequence group allocation. Figure 1 shows the CDF of peak cross-correlation between different RS sequences considering all combination of cyclic shifts and overlapping cases in frequency domain. The overlapped RS sequences are selected from the different RS sequence group and the same RS sequence group compared to that of a desired RS sequence. And the sequence length for overlapped RS is from desired RS sequence length to 25RB. Figure 1-(a)~(b) are for 3-RB and 4-RB cases of desired RS sequence length respectively. In the simulation, 4 times over-sampling for evaluation of peak cross-correlation is applied.
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Figure 1. The CDF of peak cross-correlation between different UL RS lengths across same/different groups
Figure 1 shows that single RS sequence group allocation among multiple cells can result in severe inter-cell interference more than 0.9 high peak cross-correlation between different RS lengths since RS sequences with high cross-correlation between different RS lengths are grouped in a same sequence group based on Rel-8 RS sequence group design criteria. 

Based on the simulation results, in the CoMP scenario 3, Case-1 has cross-correlation property with black line in figure 1 by allocating different sequence group for each point. And Case-2 is represented by red line in figure 1 with high cross-correlation by assigning same sequence group for multiple points. However, in the CoMP scenario 4 with same cell ID, Case-1 and Case-2 might occur to high cross-correlation property with red line curve in figure 1. Therefore, we suggest that at least cell specific RS sequence group allocation should be considered as a baseline from the perspective of avoiding high cross-correlation between UEs with different RS lengths. For each CoMP scenario, further considerations to improve RS orthogonality would be described in section 2.2.

Proposal 2: At least cell specific RS sequence group allocation as in LTE Rel-8 should be maintained as a baseline from the perspective of avoiding high cross-correlation between UEs with different RS lengths.

3.2. UL RS enhancement methods for CoMP scenarios
Due to the fact that the UL CoMP performance gain is coming from RS orthogonality [2], additional mechanism for guaranteeing RS orthogonality among cells should be considered in CoMP scenario 3. The following options to improve RS orthogonality among cells can be taken into account.

· Option 1: To use different orthogonal cover code (OCC) with cyclic shift hopping coordination.

As one of possible solutions, Option 1 is to use different orthogonal cover code (OCC) with cyclic shift hopping coordination to different UEs which belongs to different cells regardless of same BW allocation and overlapped frequency allocation. Since cyclic shift hopping between slots is derived from cell ID, the only use of different OCC without cyclic shift hopping coordination cannot achieve RS orthogonality among cells. The cyclic shift hopping coordination methods such as use of cell-specific parameter 
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 to generate same cyclic shift hopping pattern as defined in Rel-8, UE-specific configuration for cyclic shift hopping [3] and turning off cyclic shift hopping [4] can be considered. From the perspective of inter-cell interference mitigation, it seems beneficial to maintain cyclic shift hopping between slots.

· Option 2: To apply virtual cell ID which makes possible cyclic shift multiplexing and OCC multiplexing in the same base sequence [5].

As an another possible solution, it can be considered to apply virtual cell ID which makes possible have cyclic shift multiplexing and OCC multiplexing in the same base sequence for orthogonal RS among cells under the same BW and frequency allocation. Under the same BW and frequency allocation, it would be beneficial to improve RS orthogonality by allocating same base sequence to different UEs as compared with near-orthogonal RSs by different base sequence assignment. However, on the overlapped frequency allocation between different UEs, this scheme would not be easy to avoid severe inter-cell interference because RS sequences with high cross-correlation between different RS lengths are grouped in a same sequence group.

In the CoMP scenario 4 with same cell ID, the cell specific sequence group allocation would result in the same performance as a single RS sequence group allocation. In this scenario, when different UEs belonging to different nodes or RRHs with same cell ID are performing UL transmission using UL RS on an overlapped bandwidth with different RB size, UL demodulation performance for each UE would be significantly degraded by multi-user interference caused by high cross-correlation between different RS lengths as shown in figure 1. As considering this scenario, there might be four alternatives to resolve the corresponding problem as following:
· Alt 1: Cyclic shift coordination 

This cyclic shift coordination to avoid high cross-correlation could be considered. However, finding cyclic shift pairs between combinations including cyclic shifts, overlapping in frequency, different RS sequence lengths and different sequence groups would be more complicated as increasing the number of cells and it might have scheduling restriction even though the cyclic shift pairs exist.

· Alt 2: Use of orthogonal cover code (OCC) 

Identically to use orthogonal cover code for maintaining DM-RS orthogonality between different UEs with different BWs on MU-MIMO operation, the eNB scheduler can allocate different OCC indicated by cyclic shift index in UL DCI format or explicitly OCC index signalling. Therefore, this scheme seems beneficial on the perspective that the RS orthogonality between different UEs with different BW allocation belonging to different nodes or RRHs could be guaranteed without additional mechanism and signalling. 
· Alt 3: Use of virtual cell ID to avoid high multi-user interference

Under the overlapped BW allocation to different UEs belonging to different nodes or RRHs, this scheme is to make eNB’s scheduler assign different RS sequence groups to different UEs using virtual cell ID in order to avoid high multi-user interference by high cross-correlation between different lengths. This is an advantageous from the perspective of avoiding high multi-user interference. However, additional mechanisms such as OCC and cyclic shift coordination would be necessary to improve RS orthogonality regardless of same BW or different BW allocation among UEs belonging to different nodes, RRHs or cells.
· Alt 4: IFDMA

IFDMA could be considered as one of possible solutions to improve RS orthogonality among UEs in both CoMP scenario 3 and 4. By using different transmission comb value in UL DM RS allocation as SRS transmission, DM-RS with different BW allocation between different UEs belonging to different nodes or RRHs with same cell ID can be separated by different frequency position. However, this scheme requires an additional new sequence design (e.g. length-6, length-18, length-30 and etc.) which does not exist in Rel-8/9/10 as well as scheduling restriction for UL resource allocation as discussed in Rel-10. 

Proposal 3: We suggest further discussing regarding methods to improve RS orthogonality in CoMP scenario 3 and 4.

4. Conclusion
From CoMP operation, it is required to reserve CoMP specific resource (i.e. PUSCH DM RS sequence, PUCCH resource index) so that can provide PUSCH/PUCCH RS orthogonality in reception point perspective as well as in UE transmission perspective. Specifically we further discussed on UL RS enhancement in the new deployment of Rel-11 regarding RS enhancement such as orthogonal DMRS among cells. Our views are summarized as following.
· Proposal 1: Configurability for PUSCH/PUCCH DMRS orthogonality is supported
· Proposal 2: At least cell specific RS sequence group allocation as in LTE Rel-8 should be maintained as a baseline from the perspective of avoiding high cross-correlation between UEs with different RS lengths.

· Proposal 3: We suggest further discussing regarding methods to improve RS orthogonality in CoMP scenario 3 and 4.
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