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1 Introduction

In RAN1#68, companies shared their views on PUCCH for UL CoMP [1]-[13]. A number of companies acknowledged PUCCH interference issues associated with CoMP scenarios 3 and 4. For example, in [4], the limitations of the legacy mechanism for managing intra-cell/inter-cell interference on PUCCH were discussed. As the legacy PUCCH base sequence is generated according to the physical cell ID (PCI) only, the only mechanism to reduce intra-cell/inter-cell interference is to assign different PRBs for different cells (or for different RPs). The legacy mechanism requires increasing the PUCCH overhead, when the number of interfering UEs increases in the macro-graphical area as in CoMP scenarios 3 and 4. 
A solution to resolve this issue identified by a few companies is to assign at least two separate PUCCH zones (or regions)
· PUCCH zone 1: accessible by both the legacy and the Rel-11 UEs, where the base sequence is generated according to PCI.
· PUCCH zone 2: accessible only by Rel-11 UEs, where the base sequence is generated according to a UE-specific configuration.
For CoMP scenario 4, in order to support legacy UEs as well as to facilitate area splitting for Rel-11 UEs, PUCCH zone 1 and PUCCH zone 2 can be identified as a RP-common zone and a RP-specific zone, respectively. Zone 2 in CoMP scenario 4 is useful for intra-cell frequency reuse. On the other hand, for CoMP scenario 3, PUCCH zone 1 can be identified as a RP-specific zone and PUCCH zone 2 can be identified as RP-common zone where PUCCHs from UEs associated with different cells are orthogonally multiplexed. Figure 1 illustrates examples of zone partitioning implemented for scenario 3 and 4. 
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Figure 1 An example of PUCCH zone partitioning
This contribution discusses detailed design aspects to define the two PUCCH zones for Rel-11 CoMP operation. 
2 Zone Partitioning for PUCCH
Whereas the backward compatible PUCCH zone 1 does not need to be explicitly configured, the non-backward compatible PUCCH zone 2 should be explicitly configured for Rel-11 UEs. For configuring PUCCH zone 2, two alternatives are identified so far. 
· Alt 1: Configure a UE-specific 
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 offset, along with a UE-specific base sequence.
· Alt 2: Configure PUCCH PRB numbers in which a UE-specific base sequence is used, along with the UE-specific base sequence. 
Alt 1 seems to only focus on dynamic HARQ-ACK (D-ACK), because 
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 is a parameter used for CCE to D-ACK mapping in the legacy equation. Then, it seems to be necessary to separately configure resource offsets and UE-specific base sequences for the other PUCCH formats, i.e., semi-persistent ACK (P-ACK), PUCCH format 2/2a/2b and PUCCH format 3. Furthermore, UE-specific configuration of 
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 is coupled with enhanced downlink control channel (eCCH) discussions. For example, it is not clear how D-ACK resource 
[image: image5.wmf])

1

(

PUCCH

n

 will be calculated from ePDCCH CCE (e-CCE) number before any decision is made in the eCCH agenda item. Hence, the exact design for dynamic HARQ-ACK, e.g., UE-specific signaling of 
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, can wait until relevant eCCH decision is made. 
Alt 2 directly configures the PUCCH PRB numbers to use a UE-specific base sequence, which can be used for any PUCCH formats. In this case, a UE can figure out which base sequence to use for each PUCCH transmission, by deriving the PRB number out of the configured PUCCH index. 
Having these observations, Alt 2 is preferred over Alt 1 for its simplicity.
Proposal 1: A UE-specific PUCCH zone associated with a UE-specific base sequence is configured in terms of PRB numbers. 
On the other hand, it is noted that the legacy equations for configuring UE-specific sequence-shift patterns (fss) for PUCCH and PUSCH can be reused by simply replacing two parameters: X to replace PCI and Y to replace Δss in the sequence-shift equations. In this case, the UE-specific sequence patterns are for PUCCH and PUSCH are determined as in the following:
· 
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It is noted that separately configuring virtual cell IDs for PUSCH and PUCCH achieve the same goal at the cost of modifying well-established Rel-8 equations and increasing RRC signaling overhead, which does not seem to be necessary. 
Proposal 2: A single X to replace PCI is configured for deriving both of PUSCH and PUCCH sequence patterns, as well as Δss​.

Considering that the two PUCCH zones may have different capacity requirements, configuring a UE-specific 
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for the Zone 2 can be considered. However, considering the complication and additional specification efforts related to the HARQ-ACK indexing, tradeoffs involved in introducing a UE-specific 
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 should be studied further. 
3 Switching between PUCCH Zones
As the number of UEs increases in the macro-geographical area in heterogeneous networks, PUCCH overhead may naturally increase to cope with the associated interference scenarios. While a simple design would be always preferred over more complicated designs, a tradeoff should be carefully examined between design complexity and overhead impact. A simplest design would be to semi-statically assign a separate PUCCH zone to mutually interfering UEs, and relying on the legacy mechanism for indexing, e.g., based on CCE to HARQ-ACK resource mapping. However, this design requires PUCCH zone 2 to have similar size as PUCCH zone 1 to cover all the CCE numbers, which effectively doubles PUCCH overhead in the macro-graphical area and does not seem to be scalable. For effective load balancing and PUCCH overhead management, it is desired that the size of PUCCH zone 2 is configurable and that Rel-11 UEs configured with zone 2 can also be able to access zone 1 as well. 
Proposal 1 already achieves this goal, and relying on Proposal 1, a Rel-11 UE can figure out a base sequence number out of the configured PUCCH index. 

For PUCCH format 2/2a/2b, PUCCH format 3 and P-ACK, the PUCCH base sequence to use for a given PUCCH resource number, e.g., 
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, can be straightforwardly determined by the PRB number derived from the legacy equation: 
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. For example, consider a Rel-11 UE configured with PUCCH zone 2, which is configured as PRB numbers, i.e., m ( {0,3} and is associated with PUCCH base sequence 2. When the Rel-11 UE is configured a PUCCH format 2 with 
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, the UE should generate PUCCH base sequence 2. Otherwise, i.e., when the configured 
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 generates m ( {0,3}, then the UE should generate the PUCCH base sequence according to the legacy procedure.
For D-ACK, a similar approach can be considered for UEs to generate a PUCCH base sequence depending on the PRB number derived with the PUCCH format 1a/1b index number, i.e., 
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. However, as also discussed in the previous section, the exact design for D-ACK can wait until the eCCH discussion finishes, since the D-ACK indexing is coupled with eCCH discussion.
4 Conclusions

This contribution considered design aspects for PUCCH zone partitioning for UL CoMP. The proposals are summarized below:
Proposal 1: A UE-specific PUCCH zone associated with a UE-specific base sequence is configured in terms of PRB numbers. 

Proposal 2: A single X to replace PCI is configured for deriving both of PUSCH and PUCCH sequence patterns, as well as Δss​.
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