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1 Introduction
During the email discussion on the remaining issues of PUCCH sequence and resource after RAN1#69, five questions were discussed. Based on the discussion and email summary, there is a consensus on the first two questions (the first question is whether the virtual cell ID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configuration; the second question is what is the exact value range of the virtual cell ID for PUCCH). However, the views on the remaining three questions are still diverse and further discussion is needed to conclude this topic. 
In this document, we further discuss the following three remaining questions based on the observation in the email discussion, and present our related proposals. 
· Whether the virtual cell ID is common for all the PUCCH formats?
· Whether the UE-specific parameter 
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, to substitute the cell-specific parameter 
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, is needed.
· The necessity of fallback to PCI-based sequence/hopping pattern generation. 
2 Common or separate virtual cell ID for different PUCCH formats 
Although separate virtual cell ID for different PUCCH formats is the superset of common virtual cell ID and may be more flexible, the important thing is to identify whether such a superset is needed. According to the email discussion, interference avoidance in case of the coexistence of legacy UEs is regarded as an important motivation to support separate virtual cell ID for different PUCCH formats. The solution is to use virtual cell ID for semi-static PUCCH formats to achieve splitting gain in CoMP scenario 4 and PCI for PUCCH formats 1a/1b in order to be orthogonal with the ACK/NACK resources of legacy UEs. Regarding PUCCH formats 1a/1b resource determination, there are two cases which are in response to PDCCH and ePDCCH based scheduling respectively. As the discussion on the ACK/NACK resource determination in response to ePDCCH-based scheduling is ongoing under the ePDCCH agenda, only the case of PDCCH-based scheduling is discussed here.   
In CoMP scenario 4, the virtual cell ID different from PCI can be configured for semi-static PUCCH formats, e.g., formats 1/2/2a/2b, to achieve cell splitting gain. For PUCCH formats 1a/1b, when the resource is determined as the legacy UEs in the case of PDCCH-based scheduling, the PCI needs to be used for PUCCH formats 1a/1b to avoid the resource collision with legacy UEs. However, if the UE-specific parameter 
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 indicating the starting location of ACK/NACK resource is introduced, multiple resource pools can be created for PUCCH formats 1a/1b, which can also avoid the interference on the legacy UEs. In this case, a common virtual cell ID can be configured for different PUCCH formats. 
In CoMP Scenario 3 with different DL/UL association, the downlink of a CoMP UE is from a Macro cell and the corresponding uplink is connected to a Pico cell. All the PUCCH formats of the CoMP UE will be received by the Pico cell. In this case, a common virtual cell ID for all the PUCCH formats can be set as the PCI of the Pico cell, so that the PUCCH of the CoMP UEs can avoid interference on the legacy UEs of the Pico cell. This assumes that there is a new region for PUCCH formats 1a/1b created in the Pico cell and the UE-specific parameter 
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 is used to indicate the starting location of the new region. However, if there was no UE-specific parameter 
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, the separate virtual cell ID configuration for PUCCH formats 1a/1b and other formats would be needed. In this case, the virtual cell ID for the semi-static PUCCH formats can be configured as the PCI of the Pico cell; the PCI of the Macro cell is configured for PUCCH formats 1a/1b in order to avoid interference on the legacy UEs of the Macro cell. 
It can be observed that common or separate virtual cell ID for different PUCCH formats is related to the introduction of the UE-specific parameter 
[image: image6.wmf])

1

(

PUCCH_UE

N

. Based on the discussion in section 3, the proposal is,
Proposal 1:  Common virtual cell ID for different PUCCH formats is slightly preferred.
3 Need of using UE-specific parameter 
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As suggested by the moderator of email discussion, the first target should be the case with legacy PDCCH scheduling. Hence, only the case with PDCCH-based scheduling is discussed in this section. Based on the previous discussions, the motivation introducing the UE-specific parameter 
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 is to avoid the interference to the Pico UEs in CoMP scenario 3, where the PDCCH of a CoMP UE is transmitted from a Macro cell and the corresponding UL is connected to a Pico cell, which is illustrated in Figure 1. If both the Pico UEs and CoMP UEs follow the Rel-10 mechanism to determine PUCCH format 1a/1b resources in case of dynamic scheduling, the resource of the CoMP UEs may collide with that of the Pico UEs, which will result in interference to the PUCCH ACK/NACK reception of the Pico UEs. 
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Figure 1. Illustration of different DL/UL association in CoMP scenario 3
To avoid such interference, a simple way is to create a new ACK/NACK region in the Pico cell for the CoMP UEs, which is orthogonal to the ACK/NACK region of legacy UEs in the Pico cell. In addition, a UE-specific parameter 
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 is introduced to indicate the starting location of the new ACK/NACK region, and this parameter is configured for the CoMP UEs. For this solution, it was commented that the CoMP UEs cannot avoid the interference on the legacy UEs in the Macro cell when the new ACK/NACK region has partial overlap with the legacy ACK/NACK region of the Macro cell. It is noted that such overlapping can be easily avoided by resource coordination. Another concern is the resource overhead due to the created new ACK/NACK region in the Pico cell. As mentioned in the email discussion, a smaller cyclic shift distance (i.e. delta-PUCCH-cyclic shift) can be used in the new ACK/NACK region because of the smaller delay spread in the Pico cell, which can reduce the overhead significantly. For example, when the delta-PUCCH-cyclic shift is changed from 2 to 1, there will be a 50% resource overhead reduction.  
An alternative way is to coordinate the legacy UE’s ACK/NACK region from the Macro and Pico cell, which can enable the ACK/NACK region of the two cells to be orthogonal in the frequency domain as illustrated in Figure 2 [1]. In this figure, the Pico cell receives the PUCCH ACK/NACK of the legacy UEs and CoMP UEs in the regions labeled as “PUCCH ACK/NACK region” and “A” respectively. As these two regions are orthogonal, the interference on the Pico UEs from the CoMP UEs can be avoided. The advantage of this method is no specification impact. However, the drawback is that the region “A” has to be reserved and cannot be scheduled for PUSCH transmission, which reduces the resource efficiency.
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 Figure 2. PUCCH ACK/NACK resource region coordination
In addition, a method including an explicit indication (ARI) in the DCI is proposed to dynamically adjust the ACK/NACK resource of CoMP UE in order to avoid resource collision [2]. When the ACK/NACK resource of CoMP UE determined by the first CCE index collides with Pico UE, the index of the first CCE and a resource offset indicated by the ARI will be jointly used to adjust the resource. The resource offsets represented by different value of ARI are higher layer configured. As the CCEs assigned for a PDCCH are dynamically changed over different subframes, it would be difficult to predict what resource offsets should be configured by higher layer, which can completely avoid the collision with Pico UEs. Thus, the scheduling restriction on the CCEs assignment for CoMP UE’s PDCCH is needed to avoid the interference to the UEs of Pico cell. Furthermore, the overhead of DCI format is increased and the specification effort to determine the size of ARI and the range of the resource offset is needed. 
Table 1: Comparison of the three methods
	
	Pros
	Cons

	Using UE-specific parameter 
[image: image12.wmf])

1

(

PUCCH_UE

N


	No scheduling restriction
	Interference on the legacy UEs of Macro cell when the new ACK/NACK region has overlap with Macro cell

	ACK/NACK resource region coordination
	No specification impact
	Scheduling restriction on the ACK/NACK resource region assignment of Macro and Pico cell;  High resource overhead

	Using ARI and CCE index
	Lower overhead of resource reservation for CoMP UE’s ACK/NACK
	Scheduling restriction on the CCE assignment of CoMP UE’s PDCCH; Overhead increase in DCI


Based on the analysis and comparison, there is the proposal,

Proposal 2: Introduction of UE-specific parameter 
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 is needed. 
4 Necessity of fallback to PCI-based sequence/hopping pattern generation

According to the email discussion, the main motivation supporting fallback to PCI-based sequence/ hopping generation is to solve the ambiguity during the RRC reconfiguration period. Since the eNB knows the RRC reconfiguration, it can check all the possible resources which the UE may assume to use during this period. In other words, the ambiguity can be solved by the implementation of eNB. Regarding the complexity of blind detection at the eNB side, it should not be significant because RRC reconfiguration is not expected to occur frequently.

Proposal 3:  There is no need to define the fallback mechanism.

5 Conclusion

In this document, the three remaining questions are further discussed. Based on the analysis and discussion, there are the following proposals,

· Proposal 1:  Common virtual cell ID for different PUCCH formats is slightly preferred.
· Proposal 2: Introduction of UE-specific parameter 
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 is needed. 
· Proposal 3:  There is no need to define the fallback mechanism.
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