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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 PUCCH, e.g., DPS and JP, is also expected to improve receiving performance. Though there would not be PUCCH PC enhancement according to the agreement in RAN1#68 meeting, other enhancements for PUCCH were discussed in RAN1#68bis meeting. The following was the agreed working assumption:
Take the following as working assumption, and further consider the applicability of this in various scenarios.

· 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. 

· FFS if different PUCCH formats share a common X, or have different X values

· FFS on relationship with UE-specific configuration of other RS (e.g., PUSCH DMRS, …)

· Companies are encouraged to investigate in mechanisms to provide separate regions for A/Ns associated with different base sequences. 
In this contribution, we further discuss the application of this assumption in various scenarios, and also analyze other enhancement for PUCCH.
2. Discussion

2.1. On resource enhancement for A/N transmission
As a motivation to introduce A/N enhancement in Rel-11, the scenario of asymmetric PDCCH and PUCCH transmission had been discussed in [1]. The issue and corresponding solutions of A/N transmission in this scenario were also described in [1]. To be complement, one should notice that CoMP UEs with asymmetric transmission can include both legacy UEs and Rel-11 UEs as shown in figure 1. In this section, we further analyze the possible enhancement for A/N resource based on the previous discussion and this complement.
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Figure.1 PUCCH transmission of different types of UEs in Scenario 3
Current mechanism to support A/N transmission of CoMP UEs
As described in [1], one mechanism to support A/N transmission of CoMP UEs without specification impact is shown in figure 2. To avoid the interference between RRH UEs and CoMP UEs, so as to ensure the A/N detection at RRH for CoMP UEs, resource muting is operated at RRH in the region CoMP UEs transmitting A/N. Considering the region is tied to PDCCH, the dynamic A/N regions for Macro UEs and CoMP UEs which are scheduled together should both be muted as in figure 2 (left). The interference to A/N transmission of Macro UEs from RRH(s) can also be avoided. If some PDCCH restriction is allowed with separate CCEs (as well as A/N region) for Macro UEs and CoMP UEs, as shown in figure 2 (right), only RRH muting in the A/N region for CoMP UEs is needed, and the required muting resource can be greatly reduced at RRH. This type of PDCCH restriction will impact the eNB scheduling flexibility and may not be a universal case. In a word, this mechanism needs only eNB scheduling implementation and is effective for both Rel-11 UEs and legacy UEs.
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Figure.2 RRH muting without (Left) / with (Right) PDCCH restriction
Potential scheme.1: UE-specific A/N starting position (N_PUCCH) without decoupling with PDCCH
UE-specific A/N starting position is proposed in [2] to assign A/N resource for each UE or group of UEs. The A/N resource of a UE is obtained according to starting position N_PUCCH_UE and the CCE index in corresponding PDCCH. For Rel-11 CoMP UEs, specific N_PUCCH_UE can be indicated for separate A/N region as shown in Figure 3. 
For this scheme, the size of the region reserved for Rel-11 CoMP UEs depends on the PDCCH resource to schedule these UEs. If no PDCCH restriction is performed, the reserved region should consider the possible maximal number of CCEs, similar to legacy A/N region. The corresponding region in RRH is unavailable for A/N transmission of RRH UEs due to possible PUCCH resource collision. In this case, the resource overhead will become a problem. Figure 4 shows a possible scheduling case of Macro UEs and CoMP UEs, in which case the CoMP UEs will occupy the same size of A/N resource as legacy A/N region. Especially when the number of scheduled CoMP UEs is very small, there may be significant waste of PUCCH resource. Also, the corresponding A/N resource in legacy A/N region tied to PDCCH of these Rel-11 CoMP UEs will also be wasted. Obviously, the scheme will consume more resources than RRH muting above and lead to low resource efficiency. Furthermore, the separate A/N region is only available for Rel-11 UEs. For legacy UEs with asymmetric transmission, the problem of A/N transmission is not solved and RRH muting may be still needed.

[image: image4.wmf]PUSCH

Potentially 

restricted 

PUSCH

Semi

-

static

 A

/

N 

region

D

ynamic

 

A

/

N 

Region for 

Macro UEs

PUSCH

Semi

-

static

 A

/

N 

region

D

ynamic

 

A

/

N 

Region for RRH 

UEs

PUSCH

D

ynamic

 

A

/

N 

Region for 

CoMP UEs

D

ynamic

 

A

/

N 

Region for 

CoMP UEs

Macro

RRH Cell 

1

N

_

PUCCH

_

Macro

N

_

PUCCH

_

CoMP

N

_

PUCCH

_

CoMP

N

_

PUCCH

_

RRH

        
[image: image5.wmf]CCE 

0

PDCCH CCE 

index

CoMP UE

1

CCE 

1

CCE 

2

...

CCE N

-

2

CCE N

-

1

CoMP UE 

2

Macro UE

1

Macro UE

2


Figure.3 UE-specific A/N starting                                            Figure.4 Possible CCE resource for 

         position for CoMP UEs                                                                   Macro and CoMP UEs
Observation: UE-specific A/N starting position will consume a mass of PUCCH resources and lead to significant waste of resource.
Potential scheme.2: UE-specific A/N resource (n_PUCCH_1)  decoupling with PDCCH
UE-specific A/N resource is a potential enhancement with higher flexibility than scheme.1. The A/N resource n_pucch_1 is directly indicated for each UE decoupling with PDCCH, similar to that of PUCCH format 2/2a/2b. Compared to scheme.1, the reserved A/N region can be reduced via reasonable A/N resource allocation, which depends on the signaling method of UE-specific A/N resource.
· If dynamic signaling is used for resource indication for each UE, the separate A/N region can be dynamically assigned for scheduled CoMP UEs, and then the resource overhead can be minimized. Furthermore, the A/N transmission of CoMP UEs can be orthogonally multiplexed with A/N of RRH UEs if UE-specific PUCCH sequence is also introduced. Nevertheless, considering the position of separate region for CoMP UEs is uncertain, how to dynamically indicate the resource for each UE with simple signaling will be an issue.
· If semi-statistic signaling similar to that of PUCCH format 2/2a/2b is introduced for A/N resource, the separate A/N region is also semi-statistically assigned. In case independent resource is allocated for each Rel-11 CoMP UE, there will also be resource waste if only part of UEs is scheduled. The required resource may be even larger than that of scheme.1 if the number of CoMP UEs is great. If single A/N resource is shared for multiple UEs, additional scheduling restriction will occur to avoid collision, which may impacts the performance of DL transmission.
In addition, this scheme can’t avoid the interference between legacy A/N region at Macro and UL transmission at RRH in the same physical resource. It can’t enhance the A/N reception at RRH for legacy CoMP UEs either.

[image: image6.wmf]PUSCH

Potentially 

restricted 

PUSCH

Semi

-

static

 A

/

N 

region

D

ynamic

 

A

/

N 

Region for 

Macro UEs

PUSCH

Semi

-

static

 A

/

N 

region

D

ynamic

 

A

/

N 

Region for RRH 

UEs

PUSCH

Dynamic

/

semi

-

static 

A

/

N 

Region for 

CoMP UEs

Dynamic

/

semi

-

static 

A

/

N 

Region for 

CoMP UEs

Macro

RRH Cell 

1

N

_

PUCCH

_

Macro

N

_

PUCCH

_

RRH

n

_

PUCCH

_

1 

for 

CoMP UE 

1

n

_

PUCCH

_

1 

for 

CoMP UE N

n

_

PUCCH

_

1 

for 

CoMP UE 

1

n

_

PUCCH

_

1 

for 

CoMP UE N


Figure.5 UE-specific A/N resource
Observation: Neither Scheme 1 nor Scheme 2 can solve PUCCH reception/interference issue of legacy UEs with asymmetric transmission and PUCCH interference issue of Macro UEs.
From the above analysis, we can’t see significant benefits from the two potential enhanced schemes but additional specification effort, scheduling complexity and PUCCH interference. Furthermore, by now no clear evidence has shown that the UL resource is not enough for A/N resource muting in RRHs, in case that resource multiplexing can still be achieved in other resources. In section 2.2, we also show that inter-cell orthogonality and intra-cell interference randomization can’t provide effective benefits for format 1/1a/1b. From these observations, we can’t see the necessity to introduce UE-specific A/N resource. 
Proposal 1: A/N transmission of CoMP UEs can be supported via eNB implementation and additional UE-specific A/N resource is not needed.
2.2. UE-specific sequence for PUCCH
In the past meeting, a UE-specific sequence ID X was introduced to replace the physical cell ID NIDcell to generate PUCCH base sequence and CSH pattern. This indication allows UE to transmit PUCCH decoupling with serving cell. Inter-cell orthogonality and intra-cell interference randomization can be supported via reasonable configuration of X. In this section we analyze the applications of UE-specific sequence for different formats as well as the relationship with PUSCH DMRS.
UE-specific sequence for format1/1a/1b
If enhancement on A/N resource is not introduced, UE-specific sequence for A/N transmission is infeasible due to destroy of sequence orthogonality in legacy A/N region. Assuming that separate region for A/N associated with UE-specific base sequence is achieved, we analyze the feasibility of UE-specific A/N sequence from the following two application aspects:
· Inter-cell sequence orthogonality. The A/N of UEs from different cells can be configured with the same base sequence and different A/N resources in the separate region for orthogonality. If the A/N resources are semi-statistically configured, these multiplexing UEs should occupy different resources whether they are scheduled or not (Figure 6a). Then a mass of A/N resource should be reserved for these UEs, which is comparable to separate UEs from different cells via different frequency-domain resources/PRBs(FDM) but no orthogonal sequence(Figure 6b). If many UEs are allocated in the region, the reserved resource may be even larger than the legacy A/N region, leading to higher overhead than FDM of legacy A/N region in different cells (Figure 6c). This can be avoided by dynamic indication of A/N resource and sequence ID if there are simple solutions for this. However, no evidence has shown that, inter-cell A/N sequence orthogonality, at the cost of additional resource overhead, can provide better system performance, considering that the overhead for legacy A/N region always exists.

[image: image7.wmf]PUSCH

Potentially 

restricted 

PUSCH

Semi

-

static

 A

/

N 

region

D

ynamic

 

A

/

N 

Region for 

Macro UEs

PUSCH

Semi

-

static

 A

/

N 

region

D

ynamic

 

A

/

N 

Region for RRH 

UEs

PUSCH

Separate 

A

/

N 

Region for inter

-

cell multiplexing

Separate 

A

/

N 

Region for inter

-

cell multiplexing 

Macro

RRH Cell 

1

N

_

PUCCH

_

Macro

N

_

PUCCH

_

RRH


(a) Orthogonal A/N resource
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(b) Orthogonal frequency resource
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(c) FDM of legacy A/N region
Figure.6 Different methods for inter-cell A/N orthogonality
· Intra-cell interference randomization. The A/N of all the scheduled UEs within a cell is orthogonally multiplexed in the A/N region. We can’t see the motivation to schedule these UEs from orthogonal resource to interference randomization without saving of any A/N resource.
Observation: Inter-cell sequence orthogonality and intra-cell interference randomization can’t provide effective benefits for A/N transmission.
Proposal 2: UE-specific base sequence is not needed for format1/1a/1b.
UE-specific sequence for format 2/2a/2b/3
UE-specific PUCCH resource has been supported for format 2/2a/2b/3. Similar to that in figure 6(a), inter-cell orthogonal transmission can also be performed in specific PUCCH resource with UE-specific sequence. However, considering the resource is higher layer assigned for a UE, this orthogonal region should also be reserved for all multiplexing UEs with different PRBs from that of legacy UEs. In fact orthogonal multiplexing is only joint resource allocation for multiple cells which doesn’t reduce resource overhead compared to per-cell resource allocation (figure 7). Whether the additional orthogonal resource is justified for the gain of inter-cell orthogonality over interference randomization is also dubitable.
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Figure.7 Different resource allocations for format 2/3: Joint (left) and per-cell (right)
In scenario 4, transmission of PUCCH format 2/2a/2b/3 for UEs far from each other can be multiplexed in the same resource with qusi-orthogonal sequence as discussed in [1]. This type of interference randomization can provide larger PUCCH capacity. However, based on semi-statistic resource allocation and without PUCCH PC enhancement in Rel-11, the performance of multiplexed PUCCH transmission may be degraded by over-abundance transmit power from other UEs.
Observation: We can’t see significant benefits from inter-cell orthogonality of PUCCH format 2/2a/2b/3 transmission.
If UE-specific sequence is introduced for different PUCCH formats, whether independent IDs are needed will be an issues. Considering that a UE may be multiplexed with different UEs with different formats, common sequence ID will greatly limit the scheduling flexibility, especially when this ID is semi-statistically indicated.
Proposal 3: If UE-specific PUCCH sequence is supported for different formats, independent IDs should be configured.
Relationship with PUSCH DMRS
For a UE, the DL transmission is independently scheduled from UL transmission. The corresponding PUCCH transmission is also independent from the PUSCH transmission. For example, inter-cell orthogonal PUSCH DMRS may be scheduled for a UE with specific VCI, while the A/N or CQI feedback of the UE will occupy orthogonal resource with legacy UEs. Hence, independent IDs should be configured for PUSCH DMRS and PUCCH to avoid scheduling restriction on either transmission.
Proposal 4: If agreed, UE-specific PUCCH sequence ID should be configured independently from the sequence ID of PUSCH DMRS.
3. Conclusions

In this contribution, we discuss about the applicability of PUCCH enhancements for different formats and CoMP scenarios. Some enhanced schemes are compared with current mechanism for resource enhancement, and application of UE-specific sequence is also discussed. Generally, we can’t find significant benefits but potential interference, overhead and complexity from UE-specific A/N resource. The application of UE-specific sequence is also limited and inflexible. The proposals are summarized below:
Proposal 1: A/N transmission of CoMP UEs can be supported via eNB implementation and additional UE-specific A/N resource is not needed.
Proposal 2: UE-specific base sequence is not needed for format1/1/1b.
Proposal 3: If UE-specific PUCCH sequence is supported for different formats, independent IDs should be configured.
Proposal 4: If agreed, UE-specific PUCCH sequence ID should be configured independently from the sequence ID of PUSCH DMRS.
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