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1. Introduction
Email discussion took place after RAN1#69 on the following aspects of PUCCH sequences and resources:
1. Whether the virtual cell ID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configuration?
2. What is the exact value range of the virtual cell ID for PUCCH?
3. Whether the virtual cell ID is common for all the PUCCH formats?
4. Whether the UE-specific parameter NPUCCH_UE(1) , which substitutes cell –specific parameter NPUCCH(1), is needed or not.
5. The necessities of fallback to PCI based sequence/hopping pattern generation

This contribution gives our view on the above.
2. PUCCH Sequences and Resources 
2.1. Relationship with UE-specific configuration of other RS (e.g., PUSCH DMRS, …)
The PUSCH DMRS of two UE’s may be made orthogonal in two ways. One is by assigning different cyclic shifts of the same base sequence.  The other is by assigning OCCs to UE’s with possibly different base sequences but the same cyclic shift hopping pattern. By linking the value of X between PUSCH DMRS and PUCCH, it would not be possible to use OCC to make PUSCH DMRS orthogonal between UEs and also have orthogonality between their PUCCHs.  Furthermore if dynamic signaling of PUSCH is supported, the scheduler may decide the uplink PUSCH between a pair of UE’s is to be made non-orthogonal.  Meanwhile it may be desirable to have their PUCCHs be orthogonal for ACKing PDSCH in the same subframe. In other words, the choice of X for the PUCCH may not necessarily be reflective of the most recent PUSCH scheduler decision.

Proposal:

· The choice of X for PUCCH should not be constrained to be the same as the VCID defined for PUSCH DMRS
2.2. Range of the virtual cell ID for PUCCH

The value range of the virtual cell ID for PUCCH should be the same as the range of the physical cell ID, [0, 503].
2.3. Sharing of common X across different PUCCH Formats

In Release 10 the PUCCH base sequence to be used for PUCCH formats 1,1a,1b, and 2 is specified as [1] (Sec. 5.5.1.3)
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where the group hopping pattern 
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 is the pseudo-random sequence initialized with 
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 at the beginning of each radio frame.  The sequence-shift pattern,
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PUCCH cyclic shift hopping is controlled by the term 
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where 
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 is initialized with 
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 corresponding to the primary cell at the beginning of each radio frame.  

It has been agreed in RAN1#68bis to replace the physical cell ID  
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 by a UE-specific parameter X. One motivation for using different initializations across PUCCH formats for base sequence hopping and sequence shifts nor for initialization of cyclic shift hopping is the ability to target different reception points for different formats.  One example is targeting HARQ-ACK to the DL transmission point to avoid backhaul delay.  However, since we have made the assumption of ideal backhaul in Release 11, our preference is to reuse the same value X for all PUCCH formats.

Proposal:
· Same UE-specific parameter X is used for all PUCCH formats.

2.4. Need for UE specific 
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The intra-cell interference due to the transmission of PUCCH on a base sequence different than that used by UEs received by the macro cell can be severe for some UEs (such as proximal macro and RRH UEs) as shown in Figure 1
  REF _Ref324429819 \h 
.  It is therefore beneficial to segregate the resources (e.g., different PUCCH RBs) assigned to macro UEs with those assigned to RRH UEs by assigning different values of dynamic ACK/NACK offset 
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When different values of 
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 for macro and pico UEs are assigned, the resource usage in number of PUCCH RBs doubles unless the CCEs used to schedule PDCCH at a particular node are constrained.  One method of implementing these constraints which enables an efficient use of PUCCH RBs is shown in Figure 2 for the case of Scenario 4.  Here resources may be reused by UEs served by two different RRHs which have a minimum level of isolation between them [1].  Although intracell interference exists between the UEs, the interference is randomized by the use of different base sequences.  Different values of dynamic ACK/NACK offset 
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 are assigned to UEs connected to different RRHs.  UEs connected to one RRH would be signaled one value of 
[image: image17.wmf](

)

1

PUCCH

N

 and the downlink assignments from that cell restricted to have 
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, which is the resource to be used, is therefore constrained to be within the interval
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.  UEs connected to a second RRH are signaled a different
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.  Downlink assignments for the second RRH are restricted to have 
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.  The resources used by UEs connected to the second RRH, therefore, lie in the interval
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the set of resources used by UEs connected to RRH1 becomes identical to the set of resources used by UEs connected to RRH2.  This is illustrated in Figure 1 for the case of three RRHs.  In order to accomplish this segregation of resources it is necessary to be able to signal 
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 on a UE-specific basis.
Proposal:

· The dynamic ACK/NACK offset
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 should be signaled in a UE-specific manner by RRC signaling.
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Figure 1: Scenario 4 with PDCCH
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Figure 2: Cell splitting in Scenario 4 with PDCCH
2.5. Necessity of fallback to PCI based sequence/hopping pattern generation
We don’t see a need for a fallback mechanism since the configuration and reconfiguration of the virtual cell ID are controlled by the eNB.

3. Conclusions
In this contribution we gave our view on configuration of PUCCH base sequence:
· The choice of X for PUCCH should not be constrained to be the same as the VCID defined for PUSCH DMRS.
· Virtual cell ID range of [0, 503]

· Same UE-specific parameter X is used for all PUCCH formats. 
· The dynamic ACK/NACK offset
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 should be signaled in a UE-specific manner by RRC signaling.
· No need for a fallback to PCI based sequence/hopping pattern generation. 
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