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1. Introduction

From an uplink control signaling perspective, the UL CoMP requirements include improved resource utilization efficiency and avoidance of high inter-cell/point interference. To meet these objectives, RAN1 agreed at the #69 meeting to 
· Confirm the working assumption that in addition to the existing mechanism, a UE can support the generation of a PUCCH base sequence and a cyclic shift hopping by replacing the physical cell ID NIDcell with a UE-specifically configured parameter X. 
Subsequently, an email discussion was conducted to finalize several outstanding aspects of PUCCH transmission for CoMP scenarios. This contribution discusses the open issues before and after the email discussion of [1].
2. PUCCH VCID range and relation to PUSCH DMRS
If configured, a Rel-11 UE shall use a higher layer signaled parameter, X, to generate the PUCCH base sequence index (BSI) 
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, where the initialization for the group hopping pseudo-random sequence is given by
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. In addition, the cyclic time shift hopping (CSH) sequence ncscell (ns, l), which is applicable to all PUCCH formats, can be initialized with cinit = X. In contrast, PUSCH operation in CoMP scenarios can be improved upon by configuring a UE with dedicated parameters, VCIDBSI, VCIDCSH for generating the DMRS BSI/CSH sequences respectively, where the group assignment parameter Δss is disabled and the ranges for these parameters are extended to [0, 509]. As this range extension is not required for PUCCH BSI/CSH generation, we concur with the proposal in [1] that the range of X is [0, 503], similarly to legacy or non-CoMP operation. 
Regarding the relation of X with the PUSCH VCIDs, we note that PUSCH and PUCCH operation in CoMP scenarios may have different objectives. For example, pairing of UEs for inter-cell DMRS orthogonality may differ from UE clustering in the PUCCH region to reduce inter-cell interference or obtain area splitting gain. Secondly, the different ranges for X and PUSCH VCIDBSI/VCIDCSH would lend support to the need for independent configurations. Finally, and perhaps more importantly, we show in the next section that decoupling DL/UL cells is more involved for PUCCH in terms of UE configuration and coordination between RPs. 
Proposal 1
· The range of X is [0, 503].

· X is independent of the VCIDs used for configuring PUSCH DMRS sequence.
3. Further Aspects of PUCCH Transmission using a Virtual Cell ID
Several questions related to PUCCH transmission using a VCID are still unresolved after the email discussion including:

· Whether the virtual cell ID is common for all the PUCCH formats? 
· Whether a UE-specific parameter NPUCCH, UE (1), which substitutes the cell–specific parameter NPUCCH (1), is needed or not?

· If agreed, the necessity of a UE-specific ΔshiftPUCCH in order to reduce the overhead of UL resources.
· The necessities of fallback to PCI based sequence/hopping pattern generation.
To provide solutions to these questions, we first review how a PUCCH VCID can be applied for semi-static and dynamic PUCCH resource allocation.

Semi-static PUCCH resource allocation

As mentioned in [2], a UE close to the cell boundary can generate severe UL interference to an adjacent cell due to transmission of non-orthogonal PUCCH base sequences in different cells. The severity of the generated interference is proportional to the difference in path loss from the UE to the respective eNBs. 
Consider a use case for Scenario 3, where macro UEs (MUEs) that are close to a pico cell can be configured to use the pico cell’s PUCCH resource pool, i.e. X = NID, pico cell.  This avoids high-powered MUE(pico interference but creates a different issue:

· For a Rel-10 UE, the cyclic time shift hopping sequence 
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depends on NRB(2) and Ncs(1) for PUCCH formats 2/2a/2b, and on Ncs(1) and ΔshiftPUCCH for formats 1/1a/1b respectively. The hopping pattern within a slot is constrained to the same RB (defined by m in Sec. 5.4.3 of [3]). 

· If these cell specific parameters are different between the macro and pico, there may be resource collisions if PUCCH transmissions between CoMP UEs and legacy UEs – those under the control of their serving cell – take place in the same PRB.
One solution to this problem is to partition legacy and CoMP UEs in different PRBs for semi-static PUCCH resource allocation (e.g. CQI and SR transmissions). Note that this partitioning has to be carefully managed since it can increase PUCCH overhead. 
In Scenario 4, PUCCH area splitting gain can be achieved by configuring UEs to transmit PUCCH to nearby RPs. There is a trade-off between increasing inter-point interference and increasing PUCCH capacity within the CoMP coordination area. One way to manage this trade-off is to group UEs into PUCCH resource pools based on the degree of spatial isolation between such groups. Thus, inter-point interference resulting from non-orthogonal inter-cluster PUCCH transmission can be mitigated by spatial isolation between clusters.
Dynamic PUCCH resource allocation

For dynamic resource allocation, the PUCCH resource is determined from the PDCCH (or ePDCCH). Consider the case of PDCCH-based DL assignment where a representative expression for the PUCCH resource is
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. The independent CCE-to-PUCCH resource linkage between cells in Scenario 3 can lead to ACK/NACK resource collision when a UE from one cell is configured to follow the PUCCH configuration of another cell. 
Two solutions to this problem were proposed during the email discussion [1]
1) Different virtual cell IDs for PUCCH formats: in a practical scenario a CoMP UE can be configured with a VCID for the semi-static PUCCH region but it shall use the PCID, at least for PDCCH-based dynamic ACK/NACK resource allocation. 
a. This method offers an additional benefit in that it avoids delays in e.g. HARQ-ACK feedback that may occur for non-ideal backhaul communications between RPs in the CoMP cluster. Note that although ideal backhaul is assumed in Rel-11 CoMP, future releases may consider the case of a non-zero backhaul delay. 
b. The limitation of this method is that different IDs (physical or virtual) are used depending on the PUCCH format. This complicates receiver design and increases testing complexity.

2) Same VCID across all PUCCH formats: once configured, a UE applies the PUCCH VCID, X, for all PUCCH transmissions. The coexistence issue between legacy and CoMP UEs in a cell can be resolved by specifying a UE-specific dynamic PUCCH offset parameter, NPUCCH, UE (1). 
a. In addition it was mentioned in [4] that a lower value of ΔshiftPUCCH may be configured for the RRH given that the delay spread of the pico/RRH is, on average, smaller than that of the macro. This optimizes PUCCH resource utilization for the pico/RRH. 
Regarding the need for NPUCCH, UE (1) in Scenario 4 we observe that:

· For only PDCCH-based DL assignment in Scenario 4, the PUCCH load is limited by PDCCH blocking and not by inter-point interference since area splitting gain is not achievable for the PDCCH

· When the ePDCCH is configured for Scenario 4, it should be possible to assign overlapping PUCCH regions corresponding to PDCCH and ePDCCH since only PDCCH-based PUCCH resource utilization is inefficient.

· A dedicated offset parameter, NPUCCH, UE (1) may allow flexible PUCCH resource allocation for PDCCH- and ePDCCH-based PUCCH resource allocation. 

· However, we note that only a basic framework has been agreed for ePDCCH-based PUCCH format 1a/1b resource allocation. Therefore, it is preferable to wait until more details emerge on ePDCCH design.
Observation: NPUCCH, UE (1) is not essential for PDCCH-based PUCCH resource allocation in Scenario 4 but it can be considered in the context of ePDCCH-based PUCCH resource allocation.
Revisiting the Scenario 3 case, Figure 1 shows an example of PUCCH RB mapping, m, for a macro and pico. 
[image: image6.emf]Semi-static 2/2a/2b

PUSCH

Dynamic PUCCH

Macro

1

m  PUCCH,

N

m = 0

(a) (b)

Semi-static 1/1a/1b

Semi-static 2/2a/2b

PUSCH

Dynamic PUCCH

Semi-static 1/1a/1b

2

p  RB,

N

CoMP Dynamic 

PUCCH

Pico

2

m  RB,

N

1

p  PUCCH,

N

1

UE PUCCH,

N


Figure 1 RB mapping for legacy and CoMP PUCCH regions between macro and pico cells 
A larger PUSCH region is assumed for the pico cell to emphasize the fact that small cells may be deployed for throughput enhancement in a local area. Figure 1(b) illustrates the case where a CoMP UE served by the macro eNB is configured to follow the pico cell’s PUCCH configuration. It can be seen that a UE-specific offset, NPUCCH, UE (1), can be used to allocate a CoMP dynamic PUCCH region in the pico cell. The RB mapping for format 1/1a/1b is given by [3]

[image: image7.wmf]ï

î

ï

í

ì

ú

ú

ù

ê

ê

é

+

+

ú

û

ú

ê

ë

ê

D

×

D

×

-

D

×

<

=

otherwise

8

 

if

(1)

cs

(2)

RB

PUCCH

shift

RB

sc

PUCCH

shift

(1)

cs

)

~

(1,

PUCCH

PUCCH

shift

(1)

cs

)

~

(1,

PUCCH

(2)

RB

N

N

N

c

N

c

n

N

c

n

N

m

p

p


where c = 3 or 2 for normal or extended CP respectively. Therefore, if a CoMP UE from the macro cell computes m based on the macro’s Format 2 region, NRB, mw(2), it may point into the PUSCH region of the pico as shown by the dashed arrow in Figure 1(b). To optimize PUSCH efficiency in the pico cell, the CoMP UE could be configured with a dedicated parameter NRB, UE (2) = NRB, p (2). 
Comparing the two proposals from the email discussion in [1], it can be seen that they are complementary solutions. However, if a UE-specific resource offset is agreed for ePDCCH-based PUCCH resource allocation, we prefer using VCID for all PUCCH formats when it is configured.
Proposal
· A UE can be configured with a VCID, X, that is used for generating BSI and CSH for all PUCCH formats
· The UE can be configured with the UE-specific parameters, NPUCCH, UE (1) and NRB, UE (2) for determining the dynamic PUCCH region.
3.1. Need for a fallback procedure

The need for a fallback procedure when a UE is configured with a PUCCH VCID was also discussed in [1]. The minimum time between the end of a reception of an RRCConnectionReconfiguration command at the UE and the corresponding reception of an RRCConnectionReconfigurationComplete is 20 ms [5]. During this period there may be some uncertainty at the eNB as to which PUCCH configuration is used by a CoMP UE. We note that this uncertainty period applies both for initial configuration and release of CoMP parameters. Hence one possibility is to leave handling of any ambiguity to network implementation. A second possibility, mentioned in [1] is to specify that the UE reverts to PCID-based PUCCH transmission when a PDCCH scheduling DL assignment is detected in the common search space. Clearly, this option is not applicable for semi-statically configured PUCCH transmission (CQI, SPS or SR), where the eNB has the choice of simply ignoring the received signal or blindly detecting which resource was used. Since this is an implementation decision, our initial preference is to leave any fallback mechanism for CoMP configuration to network implementation.
4. Conclusion

This contribution studied outstanding aspects regarding PUCCH enhancements for CoMP. In our analysis we took into account the tradeoff between flexibility versus practical use cases and the specification impact of several proposed features. As such our conclusions are: 
· A UE can be configured with a VCID, X, that is used for generating BSI and CSH for all PUCCH formats

· The UE can be configured with the UE-specific parameters, NPUCCH, UE (1) and NRB, UE (2) for determining the dynamic PUCCH region. 
· The range of X is [0, 503].

· X is independent of the VCIDs used for configuring PUSCH DMRS sequence.

· We do not see a strong motivation for specifying a standardized fallback mechanism when a UE is configured with a PUCCH VCID.
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