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Discussion / Decision
1.
Introduction
In RAN#53 CoMP study item was closed and it was agreed to start the actual specification work within a CoMP Work item. The actual need for standardized UL CoMP support is currently an open issue in RAN1. In this paper we present our view on UL CoMP features that provide reasonable benefits but require standardisation. More detailed discussions on uplink reference signals, uplink power control and uplink control signalling can be found on [1]-[3], respectively.
2. Uplink reference signals 
In Rel-8/9/10, PUSCH DM RS configuration, that is, definition of sequence group hopping, sequence hopping and cyclic shift hopping is tied to the PCI. This turns out to be a limitation at least in two situations. 

In heterogeneous networks, a CoMP solution is to decouple DL and UL cell selection so that both directions can be served by the best link. This can provide considerable UL cell edge improvement even without joint reception. Which Rx point to use in UL reception is standard transparent, and thus, pico node can receive PUSCH with DM RS associated with macro cell. However, when assuming that joint reception is not employed, this leads to unnecessary restrictions on macro cell scheduling due to possible DM RS collisions with pico cells and on MU-MIMO operation in pico cells. 
Another limitation is faced in configuration of inter-cell orthogonal DM RS for joint reception CoMP. Same sequence group, sequence, and cyclic shift hopping patterns cannot be configured over any set of physical cell identities but the cells need to have the same 
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value. Hence we observe that Rel-8/9/10 DM RS imposes restrictions for macro cell UE UL reception via pico cell in case of CoMP w/o joint reception, as well as on PCI sets for which inter-cell orthogonal DM RS can be configured for joint reception CoMP
Both limitations can be solved by decoupling Cell ID used in PUSCH DM RS configuration (for sequence group hopping, sequence hopping and cyclic shift hopping) from the PCI. Standardization work required for configuration, signaling and controlling such Cell ID decoupling is expected to be reasonably small. 
Proposal 1: Consider a Cell ID that is configured separately from PCI and used for PUSCH DM RS configuration 
From the viewpoint of inter-cell orthogonal DM RS, Rel-8/9 DM RS does not support PRB allocation flexibility at all and Rel-10 DM RS supports PRB allocation flexibility via OCC, which unfortunately has dimensions restricted to 2. This is insufficient for flexible UL CoMP operation. Additionally, it is not possible to flexibly schedule an UE using OCC with Rel-8/9 UEs when sequence group hopping or sequence hopping is used.

Proposal 2: Consider ways to increase scheduling flexibility for inter-cell orthogonal DM RS
3. Uplink power control 
We propose that current Rel-10 UL PC formula is used also in case of UL CoMP. We don’t see any reason to modify the basic principles of UL PC or the UL PC formula. However, some improvements are needed on the way how PC parameter values (alpha, Po, PL) are determined so that efficient operation for open loop component of UL PC  can be maintained also with CoMP.  
We propose that in case of CoMP, these parameter values should be selected dynamically according to the intended reception point. In case of dynamic reception point selection, cell (or reception point) identification field is included in the UL grant and it indicates the intended reception point and corresponding UL PC parameter values. In case of joint reception, UE selects the reception point with smallest pathloss and uses power control parameters of that point. 
Proposal 3: PC parameter values (alpha, Po, PL) are selected dynamically according to the intended reception point, either selected by UE based on PL measurements or by eNB via UL grant
Intra-cell CoMP contains also scenarios (Scenario 4) where multiple transmission/reception points have different transmission power levels. Rel-8/9/10 UE calculates PL value based on RSRP measurement and DL RS tx power value received in the system info. CRS signal that is used for measurement may be transmitted jointly from multiple points with different power levels and only one value for DL RS tx power can be used, so the PL value that can be obtained this way can be largely inaccurate. Also optimal selection of Po and alpha values means that typically different values are used in low power nodes compared to macro. To solve these problems, we propose:
Proposal 4: CSI-RS based PL estimation with related higher layer signalling can be used in intra-cell CoMP
4. Uplink control signaling 
In case of intra-cell CoMP, all UEs share the same PUCCH structure and orthogonal PUCCH resources are provided automatically for all UEs in the cell. Hence PUCCH overhead will be an issue as this is waste of PUCCH resources as a main portion of PUCCH signals are received with sufficient quality via single Tx/Rx point. For these, non-orthogonal PUCCH resources with proper intra-cell randomization properties would be more efficient solution. 

In case of inter-cell CoMP, PUCCH coverage might be an issue especially for increased CSI payload sizes. Usage of more sparse control channel allocation would alleviate inter-cell interference but, on other hand, would increase the PUCCH overhead considerably. Clearly that is not an optimal solution for PUCCH in CoMP system.

Efficient solution can be achieved with proper use of both inter-Rx point orthogonal and non-orthogonal PUCCH resources.  Non-orthogonal resources can be allocated for PUCCH signals that are received with sufficient quality via single Tx/Rx point. This provides for efficient reuse of PUCCH resources within CoMP cooperation set. Fractional load and randomization keep the “cell” edge performance at desired level. Orthogonal resources, allowing for efficient CoMP reception, cn be allocated for UEs heard via multiple Tx/Rx points and for PUCCH signals benefiting from improved reception quality such as large CSI reports. As a special case of interest, allocation of orthogonal resources only for DM RS needs to be studied. Allocation of orthogonal resources for such UEs benefits also reception of non-orthogonal PUCCH, as the dominant interferers are (re)moved to orthogonal resources. This may allow for use of more dense control channel allocation. Essentially these can be implemented by decoupling the cell ID used for PUCCH configuration from PCI and by introducing some separate PUCCH configuration parameters. 

Proposal 5:  Consider flexible PUCCH resource allocation schemes to share orthogonal/non-orthogonal PUCCH resources for CoMP users, in particular decoupling the cell ID used for PUCCH resource configuration from PCI, and providing inter-cell orthogonal RS for the reference signal part of PUCCH 
5.  Summary
In this contribution, we considered the need for standardized support for UL CoMP and made following proposals:
Proposal 1: Consider a Cell ID that is configured separately from PCI and used for PUSCH DM RS configuration 

Proposal 2: Consider ways to increase scheduling flexibility for inter-cell orthogonal DM RS

Proposal 3: PC parameter values (alpha, Po, PL) are selected dynamically according to the intended reception point, either selected by UE based on PL measurements or by eNB via UL grant
Proposal 4: CSI-RS based PLs estimation with related higher layer signalling can be used with intra-cell CoMP
Proposal 5:  Consider flexible PUCCH resource allocation schemes to share orthogonal/non-orthogonal PUCCH resources for CoMP users, in particular decoupling the cell ID used for PUCCH resource configuration from PCI, and providing inter-cell orthogonal RS for the reference signal part of PUCCH 
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