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1. Introduction
UL CoMP of PUSCH transmission had been discussed for several meetings including UL RS and UL PC. Similar CoMP scheme in PUSCH can also be used for PUCCH to improve receiving performance, e.g. DPS and JR. However, PUCCH transmission may suffer from additional interference issue especially in heterogeneous network due to Tx power imbalance and separation between DL transmission and UL reception. Note that there is no PUCCH PC enhancement according to #68 meeting agreement. Also, the resource may also be a problem for PUCCH with more scheduled UEs in CoMP scenarios. To better support UL/DL CoMP, PUCCH should be studied in Rel-11.
2. Discussion

2.1. Asymmetric PDCCH and PUCCH transmission in Scenario 3
In CoMP Scenario 3, a UE served by Macro cell may be nearer to a RRH cell due to different DL transmit powers in Macro and RRHs, so-called CoMP UE shown in Figure 1. CoMP UEs will receive PDCCH from Macro cell, but their PUSCH/PUCCH is more likely to be detected at the nearer RRH cell or at both Macro and RRH cell (JR). For PUCCH format 2/3, there is not obvious problem since the resource for these transmissions can be scheduled in a UE-specific manner to control interference among CoMP UEs and RRH UEs. But for PUCCH format 1/1a/1b, CoMP UEs share the same dynamic region with Macro UEs in proximity of Macro, and there is no specific resource for CoMP UEs in RRHs. As the PUCCH resource is linked to CCE index of Macro PDCCH, UL resource collision may happen in RRH cell without cooperation. How to avoid the potential interference between RRH UEs and CoMP UEs should be studied in Rel-11.
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Figure.1 PUCCH transmission of different types of UEs in Scenario 3
One scheduling method is shown in Figure 2(left). Resource muting is performed at RRHs in the A/N region of Macro where Macro UEs and CoMP UEs transmit A/N according to Macro PDCCH. Then the A/N of CoMP UEs (also Macro UEs) can be received at both Macro and RRHs without interference with RRH UEs. The muting resource should not be allocated for PUCCH/PUSCH transmission of RRH UEs
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Figure.2 Different resource allocation methods for CoMP UEs

 (Left: RRH muting for CoMP UEs Right: UE-specific A/N resource allocation)
It’s also proposed in some contributions to introduce UE-specific A/N resource by decoupling PDCCH and PUCCH resource [1][3]. A new RRC signaling is introduced to assign A/N resource for each UE, similar to resource allocation mechanism of PUCCH format 2. With this signaling, specific A/N region can be reversed at RRHs for CoMP UEs as shown in Figure 2(right). In addition, without PUCCH PC enhancement in Rel-11, the CoMP UEs may still transmit PUCCH with power targeting to Macro. Then the corresponding resource in Macro and interfered RRHs should also be muted to control interference and also support JR.
To achieve a solution for PUCCH, we analyze the two methods in Figure 2 from different aspects below. 
Alternative 1: RRH muting in frequency domain for CoMP UEs

Alternative 2: UE-specific A/N resource allocation

· Specification impact and signaling overhead. For alt.1, the resource muting is an implementation issue without specification impact, and no additional signaling overhead is needed. For alt.2, a new RRC signaling should be defined. The value range should be large enough to avoid overlap with Macro PUCCH or RRH PUCCH.
· Resource overhead and resource efficiency. Considering the Macro PUCCH will be muted in all cooperative RRHs with CoMP UEs, the resource overhead of alt.1 may be a problem. For alt.2, the A/N resource of CoMP UEs should be allocated at Macro and multiple RRHs. If only few CoMP UEs are scheduled, specific resource would lead to resource inefficient. With increasing number of CoMP UEs, there may also be significant overhead in system. From the perspective of resource efficiency, A/N resources in Macro cell which were linked to PDCCH of CoMP UEs will also be wasted.
· Interference condition. There will be no interference to A/N transmission of Macro and CoMP UEs from RRHs by alt.1. The PUCCH detection performance of these UEs can be optimized. For alt.2, A/N transmission of Macro UEs may be seriously interfered by UL signal in the same resource at multiple RRHs. 
· Scheduling complexity. Alt.2 may introduce additional scheduling complexity for resource allocation of CoMP UEs. Without link to PDCCH, the scheduling complexity of A/N transmission would be the same as that of PUCCH format 2.
· CoMP gain. For alt.1, since the resource for CoMP UEs is reserved in Macro and blanked in RRHs, additional gain can be obtained via JR at Macro and RRHs without interference. In addition, there is even no interference to Macro UEs. For Alt.2, only CoMP UEs can achieve JR gain. 
As analyzed above, we can’t find obvious advantage from either solution. The only drawback of RRH muting is the resource overhead, while many other restriction and issues would rise for alt.2. However, by now no clear evidence has shown that the UL resource is not enough for A/N muting in RRHs, in case that resource multiplexing can still be achieved in other resources. Any enhancement requiring additional specification effort should be justified with careful evaluation.
Observation: Alt.1 can solve PUCCH interference issue and there is no specification impact while Alt.2 does not confirm performance gain over Alt.1 yet.
Proposal: the solution which solve PUCCH interference issue and impact specification little is recommended, e.g. Alt.1
2.2. UE-specific sequence for PUCCH
Enhancement on PUCCH sequence was also discussed in RAN1#68 meeting [2][3] for larger PUCCH capacity or better orthogonality. Considering no conclusion had been made on PUCCH resource enhancement, we discuss the enhancement on PUCCH sequence in this section based on PUCCH resource allocation in Rel-10. In this case, cell-splitting or inter-cell orthogonality of A/N feedback can’t be supported, and only sequence enhancement of PUCCH format 2/3 is considered below.
As shown in Figure3, cell splitting of PUCCH format 2/3 can be performed in different ways in Scenario 4. For PUCCH resource of CoMP UEs, no cell splitting is recommended since it may be received in multiple points. For PUCCH resource of Macro and RRH UEs, it can be multiplexed with separate PUCCH (the left figure) or PUSCH (the right figure) to obtain larger PUCCH capacity. To restrain interference among PUCCHs, multiplexing between PUCCH and potentially restricted PUSCH is preferred. For interference randomization of this type of splitting, UE-specific PUCCH sequence is needed with configuration of different base sequences from cell-specific PUCCH sequence. Also, from the perspective of specification consistent, if UE-specific sequence is introduced for PUSCH DMRS and SRS, similar enhancement can also be introduced for PUCCH.
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Figure.3 Cell splitting in Scenario 4 for PUCCH format 2/3 
However, since there was conclusion that no enhancement would be introduced for PUCCH PC in Rel-11, the PUCCH transmit power of a UE may be larger than the required power at the nearest point. Cell-splitting of PUCCH may suffer from high interference among split cells. How much gain can be obtained from cell splitting should be further studied in Scenario 4. Concerning inter-cell orthogonal PUCCH, the scheduling complexity in eNB should be taken into count. The configuration of orthogonal PUCCH sequences in the same resource in different cells should consider many other cell-specific parameters except sequence ID. With the configurable size of PUCCH region, the first step should study whether PUCCH resource is sufficient and whether additional enhancement can provide gain in CoMP scenarios.
Proposal: It should be first studied whether PUCCH resource is sufficient in scenario 4. If PUCCH cell-splitting is needed and available, UE-specific PUCCH sequence can be considered.
3. Conclusions

In this contribution, we discuss about the motivation and feasibility of PUCCH enhancement in CoMP scenarios. Some enhanced schemes are compared with current mechanism. From the discussion at multiple aspects, we can’t find significant benefits from PUCCH resource enhancement. The proposals are summarized below.
· The solution which solve PUCCH interference issue and impact specification little is recommended, e.g. Alt.1
· It should be first studied whether PUCCH resource is sufficient in scenario 4. If needed, UE-specific PUCCH sequence can be considered for cell-spitting of PUCCH among RRHs.
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