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1. Introduction
This document summarizes the email discussion after RAN1#69, “[69-14] Remaining details of PUCCH sequence and resource”. The discussion composes five questions as in the following section, aiming at the finalization of all the PUCCH resource and sequence related issues on CoMP scenarios. 
2. Open issues and discussions
2.1. Question 1. 
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For this question, 17 companies input their views, and clear majority of companies (i.e. 16 companies) support different virtual cell ID (VCID) for PUSCH and PUCCH. Therefore, the following can be suggested to move forward:
Proposal:
· VCID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configurations.
2.2. Question 2. 
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16 companies input their views for this question, and the proposals are summarized as following:

· If independent VCID is introduced,
· (Option 1):  [0 .. 503], which corresponds to the range of physical cell ID
· (Option 2):  [0 .. 1024] for the additional flexibility of cell planning
· If a common VCID is introduced,
· (Option 3): UE-specific 
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 is introduced because VCID for PUSCH DMRS is determined considering 
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value.
Similar to Question 1, clear majority of companies (i.e. 15 companies) support Option 1. If the independent VCID for PUSCH DMRS and PUCCH is agreed, it seems that all the companies are OK to employ [0 .. 503] for its range. Thus the following is proposed:
Proposal:
· The range of VCID for PUCCH is [0 .. 503].
2.3. Question 3. 
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For this question, 17 companies input their view, and the current situation is summarized as following:

· Alt 1: Common VCID for all PUCCH formats
· Supported by 11 companies: 
· Samsung, Panasonic, KDDI, Huawei, HiSilicon, Intel, Sharp, Pantech, ZTE, Motorola Mobility,  InterDigital (except PUCCH format 3)
· Alt 2: Separate VCID for PUCCH formats
· Supported by 6 companies: 
· NSN, Nokia, ALU, ASB, LGE, CATT
Although larger number of companies supports common VCID for all PUCCH formats, separate VCID is still supported due to the following motivations:

· Motivation 1: 
· the delay sensitivity is different depending on the PUCCH contents.
· Motivation 2: 
· scheduler would be complicated to avoid PUCCH resource collision.

· Motivation 3:
· interference avoidance in case of the coexistence of legacy UEs.

Regarding Motivation 1, it was commented that this issue can be discussed in Rel-12 since non-ideal backhaul isn't the assumption of Rel-11. It is also proposed to discuss it in Rel-12. As for Motivation 2, there were no big arguments during this email discussion. My impression is that the Alt 1 proponents think this complexity is acceptable. Finally, Motivation 3 was newly brought up during this email discussion. Through no straightforward objections were raised for this motivation, it is clear from the discussion in Question 4 that some companies think 
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 can be used as a solution for legacy UE problem. However, it is also noted as the response of Question 4 that 
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 cannot be a solution. Furthermore, it is also proposed to use dynamic fallback to PCID based sequence generation in order to achieve the perfect orthogonality with legacy UEs.
From the rapporteur’s perspective, it seems that separate VCID is a good compromise for the progress because separate VCID is the super-set of common VCID. However, the increase of test cases should be considered. In addition, there will be a remaining issue such as, how many VCIDs are necessary and how to apply them to the PUCCH formats, even if we go with separate VCID by compromise.

Given the discussions above, the following is suggested:

Proposal for the discussions in RAN1#70:

· Firstly, discuss the solution for legacy UE issue (especially for CoMP scenario 4), then choose one from the following alternatives taking the solution into account:

· Alt.1  Common VCID for all PUCCH formats

· Alt.2  Separate VCID for PUCCH formats

· If Alt 2 is agreed, further discuss how many VCIDs are necessary and how to apply them, e.g.

·  VCID1: dynamic PUCCH format 1a/1b and 3

·  VCID2: semi-static PUCCH formats 1a/1b and 2/2a/2b
Note that the results may affect the discussions on Question 4 and 5.

2.4. Question 4. 
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17 companies input their views on this question, and it seems to be very difficult to agree on the introduction of 
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at this moment, because of the following reasons:
· A couple of companies doesn't see the necessity,

· Legacy UE issue might happen similar to Question 3 and it cannot be solved by 
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· UL resource overhead will increase, and

· The necessity is tied to ePDCCH mechanism, which is under the discussions.
· Some companies are OK to postpone the discussion until the decision on ePDCCH

The proponents of 
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 assume that 
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 is useful in principle to avoid inter-cell interference avoidance, e.g. macro to pico as in Figure 1, thus there is no clear separation between legacy PDCCH and ePDCCH in the email discussion. On the other hand, the opponents seem to think the orthogonality (i.e. including perfect and quasi orthogonality) is efficient. Therefore, we should discuss in RAN1#70 how serious the problem in CoMP scenarios is and how 
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 works to solve it. In addition, we should also keep in mind that 
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 can solve the legacy UE issue, as discussed in Question 3. If not, RAN1 should also consider another mechanism, and hence the spec would be complicated in consequence. However, we should firstly focus on 
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 because the majority of companies are interested in it as a candidate solution and it is a common approach with CoMP scenario 3, i.e. different
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 for macro and pico.
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Figure 1 A use case of 
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 (slide 5 in R1-122983)
Considering the timeline of Rel-11, it is of course desired to make a specific agreement in RAN1#70, while the optimization with ePDCCH is important, which is now under the discussion. Therefore, I would like to propose to discuss the necessity of
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 for legacy PDCCH and ePDCCH separately, because the key point is the effect of 
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 itself. For legacy PDCCH, it is expected to discuss a specific design in RAN1#70. But for ePDCCH, we may be able to discuss only the principle, and the final details can be postponed after the agreement on ePDCCH design. 
In addition, it is also proposed to introduce UE-specific 
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 to reduce the UL resource usage, i.e. smaller 
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 may be used for Pico eNBs because of the lower delay spread. Of course, this aspect should be discussed after the agreement on 
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In summary, the following is suggested for the progress.

Proposal

· Discuss separately whether or not 
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 is useful for legacy PDCCH and ePDCCH

· The first target should be legacy PDCCH because of the progress of ePDCCH discussion.

· The discussion in Question 3(i.e. legacy UE issue), and UL resource overhead should be taken into consideration

· for legacy PDCCH, aim to reach agreement in RAN1#70

· for ePDCCH, the agreement can be postponed until ePDCCH design is finalized.

· Discuss the necessity of UE-specific 
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 in order to reduce the overhead of UL resources, after 
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is agreed,
2.5. Question 5. 


[image: image27]
The identified situation that (may) require fallback operation to PCI is the following:

· Motivation 1. 
· solve the ambiguity issue during (re)configuration.
· Motivation 2. 
· achieving the perfect orthogonality with legacy UEs for dynamic HARQ-ACK, i.e. dynamic PUCCH format 1a/1b and PUCCH format 3.
· Motivation 3. 
· achieving dynamic Rx point selection.
Regarding motivation 1, it was pointed out that eNB can anyway detect it by checking all the possible PUCCH resources, and hence there is no detrimental consequence even if fallback is not supported. Therefore, the key factor would be the complexity for the eNB to support multi-resource detection for PUCCH. If any problems are identified, we can consider the solutions, e.g. use DCI on CSS for fallback operations.

As for Motivation 2, the use case is related to “separate VCID” in Question 3 and “ 
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” in Question 4. This should be discussed more since there were no comments in the email discussion. The rapporteur’s suggestion is to discuss this issue together with Question 3. It is noted that , as proposed by one company, the extension of ARI interpretation for PUCCH format 3 is necessary.
Furthermore, Motivation 3 is driven by "common VCID for PUCCH and PUSCH". Thus, we should come back it after the agreement of Question 1.Taking these observations into account, the discussions are summarized as following:

Proposal:

· Study until RAN1#70 whether there are any "CRITICAL" consequences when fallback (to PCI) is not supported. 
· Note that most of the companies don't see the necessities at this moment.

· The resource ambiguity during (re)configuration and its complexity by using implementation based approach should be considered.
· The discussions in Question 3 on the legacy UE issues should also be considered.
· If no critical issues are found, fallback is not supported in Rel-11.
3. Conclusion
This contribution summarized the email discussion “[69-14] Remaining details of PUCCH sequence and resource” consist of five questions. The rapporteur’s proposal for the discussion is as follows:
· Agree on Question 1 and 2, because the companies’ views are almost aligned.
· Before going into the detail of Question 3 4 and 5, discuss and identify the legacy UE issues. 
· Currently, the following 3 schemes are proposed as a solution
· separate VCID for PUCCH formats
· 
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, and 
· dynamic fallback to PCID based sequence generation
· For Question 4, it would be necessary to discuss the motivation, background issue and the effect of 
[image: image30.wmf])

1

(

PUCCH_UE

N

separately from the optimization for ePDCCH design.
· Discuss the consequences when fallback operation to PCID is not introduced. Check whether or not the consequences are critical.
4. Annex
4.1. Detailed company input

---------------- 
1.      Whether the virtual cell ID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configuration? 
1.      The identified motivations to use independent virtual cell ID are; 
•        Different connection for PUSCH and PUCCH, 
•        Application for CoMP scenario 1, i.e. virtual cell ID for PUSCH DMRS is aimed at the sequence alignment between sectors, but virtual cell ID is unnecessary for PUCCH, and 
•        The ranges of virtual cell ID for PUSCH DMRS, i.e. [0-509], is determined considering the use of non-zero Delta_ss, while Delta_ss is not used for PUCCH. 
  
[Samsung] As we have not seen sufficient benefits and use cases for configuring separate virtual cell IDs for PUSCH and PUCCH, we think that a separate virtual cell IDs should not be introduced for PUCCH and PUSCH. 
  
The first and the second use cases captured above seem to motivate a fallback mechanism, rather than two independent virtual cell IDs. If a UE configured with a virtual cell ID can also generate a PUCCH with PCI, then the first and the second use cases can be achieved. 
  
Then, the remaining motivation for introducing the independent virtual cell IDs is to keep the legacy relationship between f_ss^PUCCH and f_ss^PUSCH. In Rel-8, PUCCH sequence shift pattern f_ss^PUCCH is firstly derived from PCI, and then f_ss^PUSCH is derived from f_ss^PUCCH and Delta_ss. A natural approach to extend the definitions of Rel-8 sequence shift patterns seems to be to assign a virtual cell ID for PUCCH first so that it can be used for deriving f_ss^PUCCH and hopping initializations (other than CS hopping) and additionally adopt a UE-specific Delta_ss to derive f_ss^PUSCH out of f_ss^PUCCH. It would be most preferable to us if we follow this Rel-8 way of generating sequence; however, if we need to keep the agreement of configuring PUSCH virtual cell ID first for any reasons, we could introduce a UE-specific Delta_ss to derive f_ss^PUCCH out of f_ss^PUSCH, to keep the legacy relation between PUSCH and PUCCH sequence shift numbers. 

[Pana] Our position is to have independent virtual cell ID for PUCCH from parameters of UE-specific PUSCH DMRS configuration. We agree the motivations listed in the trigger. PUCCH and PUSCH have different properties in terms of multiplexing capability, required SINR, decoding complexity, etc. Two cases are shown below. 

1.        The reliability is especially important for PUCCH. Then more number of RPs are expected for PUCCH. On the other hand, to increase RPs for PUSCH could increase the network decoding complexity. HARQ is also supported for PUSCH. Therefore, only subset might be used. This is the operation in which diversity gain is prioritized. 
2.        Even when single RP provides the sufficient reliability for PUCCH, there are cases more number of RPs are benefitical for PUSCH in order to increase the capability of spatial multiplexing (i.e., MU-MIMO). This is the operation in which multiplexing gain is prioritized. 

As described in these examples,  the RP sets can be different between PUCCH and PUSCH. Although different RP sets does not mandate different virtual cell ID, to allocate different virtual cell ID ease and improve the operation thanks to orthogonality within a virtual cell ID. 
  
Regarding the legacy relationship between f_ss^PUCCH and f_ss^PUSCH, it is not clear why the combination of UE-specific VCID and Delta_ss is considered as sufficient. It looks a natural extension from legacy configuration as Samsung wrote, but it only allows sequence-shift differentiation between PUCCH and PUSCH; group-hopping pattern becomes always identical between PUSCH and PUCCH. We think coordination effort should be minimized as much as possible and hence, such restriction is not desirable. Also the merit of such configuration is not clear. If the combination of UE-specific VCID and Delta_ss does not offer significant merit, we should not make such restriction. 
  
NNSN> We support independent virtual cell ID for PUCCH. The driver for PUCCH virtual cell ID is PUCCH overhead reduction. This can be achieved by balancing use of inter-cell (or inter-RP) orthogonal and non-orthogonal PUCCH resources within CoMP cluster. Overhead reduction can be achieved e.g. in Scenario 3 by extending orthogonal PUCCH resources over a selected set of cells within CoMP cluster in semi-static manner (i.e. set of cells/RPs in CoMP cluster are configured to have the same VCI). On other hand, for PUSCH with virtual cell ID, it is important to be able configure orthogonal DM RS for any pair (or set) of UEs within the CoMP cluster. The use cases for virtual cell ID on PUCCH and PUSCH are simply different and coupling of them together hinders the use of virtual cell ID for both PUSCH and PUCCH. E.g. we would like to point out that configuration where VCID is selected to be PCI but VCID^CSH is selected according to some neighbour cell CSH pattern provides inter-cell orthogonal DMRS for PUSCH but not for PUCCH. Additionally, we agree with the motivations listed by Yosuke above. 
  
[<ALU-ASB>]  We strongly support independent virtual Cell ID for PUCCH and PUSCH since the performance and delay requirements for PUCCH and PUSCH are different.  Current PUCCH and PUSCH configurations are independently configured by RRC.  It has no reason to bound these two configuration with same Virtual Cell ID.   
  
[KDDI] We support different virtual cell ID because the sequence coordination in CoMP scenario 1, as described in the second bullet, is important. If majority of companies supports  common virtual cell ID, we can accept it with the channel specific disabling of virtual cell ID, i.e. 
- PUSCH: use virtual Cell ID X 
- PUCCH: disable virtual cell ID, and use Physical Cell ID instead 
  
[Huawei, HiSilicon]: We support the independent virtual cell ID configuration for PUSCH and PUCCH. Firstly, there is no dynamic scheduling for PUCCH and the configured PUCCH resource for one UE will be camped in a certain cell or reception point unless there is PUCCH resource reconfiguration. However, there is dynamic scheduling for PUSCH and the PUSCH could be dynamically targeted to different cells or reception points from that of PUCCH to achieve scheduling gain in UL CoMP. Secondly, it is already agreed in RAN1#69 that sequence shift pattern for PUSCH DMRS is fss_PUSCH=VCID mod 30 and there is no Delta_ss anymore. Hence, independent configuration of virtual cell ID for PUSCH and PUCCH is needed. For example, for the three sectors within one node, the same virtual cell ID, i.e. VICD can be used for the three sectors to achieve orthogonal DMRS of PUSCH; however, the PUCCH of the three sectors have to use different virtual cell ID to randomize the interference. 
  
[Intel] We support independent virtual cell ID configurations for PUCCH and PUSCH. We agree with the motivations listed above. As pointed out by some other companies, in general, the use cases for the application of virtual cell ID instead of PCI for PUCCH and PUSCH can be very different and hence, they should not be coupled. In particular, for the third listed motivation related to the derivations of fssPUCCH and fssPUSCH, we do not see the justifications for either changing the agreement reached regarding the RRC configuration details of UE-specific PUSCH DM-RS in RAN1 #69 or introducing a UE-specific Δss for deriving fssPUCCH. Allowing independent configurations for the virtual cell IDs for PUCCH and PUSCH DM-RS offers a cleaner solution that is consistent with the agreed RRC configuration of VCID parameters for PUSCH DM-RS. 
  
[Sharp] We prefer to have independent virtual cell ID for PUCCH. As already pointed out by some companies, the use case of PUSCH DMRS and PUCCH can be completely different. 
  
[LG]: The virtual cell ID for PUCCH should be independent from that for PUSCH, based on all the bullets identified by Yosuke as the motivation. There is no reason to mandate some restricted operations for both PUSCH and PUCCH RRC parameters. Since their characteristics and properties for PUSCH and PUCCH are different, the specification should not restrict the related parameter configurations without clear benefits. 
  
[CATT] We support independent virtual cell ID configurations for PUCCH and PUSCH. We agree the motivations listed in the triggered email. UL and DL data scheduling are independent that leads to different multiplexing cases in PUCCH and PUSCH DMRS. Also in PUSCH discussion in the last meeting, it was indicated that UE-specific Δss  is not needed since base sequences of two UEs from neighbouring can be the same due to UE-specific cell ID. It seems not impacting PUCCH design here. 
Note that with independent virtual cell ID for PUCCH and PUSCH, common virtual cell ID can still be configured. 
  
[Pantech] We support independent configuration of VCID for PUCCH and PUSCH. As shown in the motivation, the reception point of PUCCH could be different from that of PUSCH. Nevertheless if VCID of PUCCH links with PUSCH’, it could make a restriction either for PUCCH assignment or PUSCH assignment. Also as mentioned by ALU, if we consider the independent RRC configuration between PUCCH and PUSCH, we could not find any benefit to link them. In addition when considering two groups of UEs in a cell, one group of UE’s PUSCH target to single RP and the other group of UE’s PUSCH target to multiple RPs, in this case linking VCID of PUSCH with that of PUCCH make difficult to orthogonal PUCCH assignment. 


[ZTE] We prefer independent virtual cell ID configuration in this situation, because with independent setting for PUCCH and PUSCH we can achieve the following useful purposes at the same time: 
1.        Flexibility for PUCCH resource assignment     
2.        Flexibility for PUSCH DM-RS sequence assignment to achieve orthogonally 


[MotMob]  Preference is for independent configuration due to flexibility in configuration of PUCCH or PUSCH for interference randomization or orthogonality. 
 
[InterDigital] We support independent virtual cell ID configuration for the same reason described in the above (i.e. maintaining R8-10 capability of using independent base sequences for PUCCH and PUSCH in absence of Dss parameter).
 
  
---------------- 
2.      What is the exact value range of the virtual cell ID for PUCCH? 
1.      the dependency on PUSCH DMRS should be considered 
[Samsung] As we answered in Question 1, we do not see a need of separate virtual cell ID for PUCCH. However, if necessary, we could consider introducing a UE-specific Delta_ss to be used for generating PUCCH sequence shift number. The range of Delta_ss should be 0, 1, …, 29. 
  
[Pana] The minimum requirement of value range of VCID for PUCCH is [0, 503]. This is same as the range of physical cell ID. It is also ok to extend the range, e.g. to [0, 1023]; extended range reduces coordination effort for the NW. 
  
NNSN> Current physical cell ID range of [0, 503] is sufficient. 
  
[<ALU-ASB> Using same range [0, 503] as that of Physical Cell ID.   
  
[Huawei, HiSilicon]: The value range of virtual cell ID for PUCCH can be same as physical cell ID, i.e. [0,503], considering the independent configuration of virtual cell ID for PUCCH and PUSCH as proposed in question 1. 
  
[Intel] The range of virtual cell ID for PUCCH should be same as the current PCI range of [0, 503]. 
  
[Sharp] We prefer [0, 503] as the range of the virtual cell ID for PUCCH. 
  
[LG]: Compared with the PUSCH VCID range (0 to 509) agreed in #69 meeting, the PUCCH VCID range is sufficient to be the same as PCI range (0 to 503), since there is no Dss issue for PUCCH. 
  
[CATT] Using the same range of [0,503] as the current PCI range.   
  
[Pantech] We support that the range of VCID for PUCCH could be same as the range of PCI in Rel-10. 


[ZTE] We think the current PCI range of [0~503] is the preferred choice. 

  

   [MotMob]  We support the PCI range of [0,503]. 

 
[InterDigital] The range can remain [0, 503].
 
 ---------------- 
3.      Whether the virtual cell ID is common for all the PUCCH formats? 
1.      the identified motivations to use different virtual cell IDs are as follows: 
•        Delay sensitive information (i.e. HARQ-ACK) should be transmitted independently to the DL transmission point(s), and 
•        The scheduling for dynamic HARQ-ACK would be complicated in the case of different UL/DL connection for CoMP scenario 3, while use of virtual cell ID is useful for other PUCCH formats.   
[Samsung] Similarly to Question1, as we have not seen sufficient benefits and use cases of configuring separate virtual cell IDs for different PUCCH formats, separate virtual cell IDs should not be introduced for different PUCCH formats. 
  
[Pana] Although we see the merit of different virtual cell IDs for different PUCCH formats as additional flexibility in CoMP operation, we are ok with common virtual cell ID for all the PUCCH formats in Rel.11. 
  
NNSN> The case when there are both legacy UEs and Rel-11 UEs in the network needs to be considered. In this case use of virtual cell ID for semi-static PUCCH can lead to PUCCH overhead reduction and is thus beneficial as the virtual cell ID can be taken into use gradually. However, for PDCCH (or ePDCCH) based PUCCH it is not reasonable to allocate PCI based (Rel10) and virtual cell ID (Rel11) based dynamic A/Ns to same PRBs, as there would be non-orthogonal interference between Rel10/Rel11 UEs received mainly via the same cell. On other hand, dynamic PUCCH resources for Rel11 and Rel10 UEs cannot be allocated to different PRBs without very complex PDCCH scheduling restrictions.  Hence, it is attractive to use PCI based PUCCH for dynamic A/N also with Rel-11 UEs when Rel-10 UEs exists in network. So we think that it should be possible to use virtual cell ID for semi-static PUCCH and PCI for dynamic PUCCH to allow for the use of PUCCH enhancement already during the migration from Rel10  to Rel11 UEs. Of course, when migration to Rel11 UEs is complete, virtual cell ID can be used for both semi-static and dynamic PUCCH allocations to achieve e.g. cell splitting gain in Scenario 4. 
  
[<ALU-ASB>] We would support independent configuration of virtual cell ID for different PUCCH formats due to different characteristic of contents in PUCCH formats.  For A/N feedback, it is time sensitive and needs to be configured to meet the HARQ time line and scheduling decision.  For CSI feedback, it might be better to receive at the desired TP.    Resource allocations for different PUCCH formats are configured by RRC independently.   
  
[KDDI] If non-ideal backhaul is assumed, introduction of separate virtual cell ID makes some sense. However, this should be discussed in Rel-12 because of lack of time. We are fine with common virtual cell ID in Rel-11 for the simplicity.   
  
[Huawei, HiSilicon]: We don't see the motivation and use case to use separate virtual cell ID for different PUCCH formats. As the resource for all the PUCCH formats are semi-static configuration, it is natural to configure all the PUCCH formats on the same reception point, i.e. virtual cell ID is common for all the formats. 
  
[Intel] We support a common virtual cell ID for all PUCCH formats. Considering the Rel-11 time-frame, the benefits and applicability of independently configuring virtual cell IDs for different PUCCH formats appear to be quite limited. 
It should be noted that the desirability of meeting the PUSCH HARQ timing exists for PUSCH data as well. More specifically, for non-ideal backhaul, the uplink HARQ retransmission delay could be doubled from 8ms to 16ms and additional PDCCH grants may also be required for the UL HARQ retransmission (as means of supporting PHICH-less operation). 
Given that the focus of Rel-11 CoMP has been on scenarios with perfect backhaul, it would be reasonable to defer the discussion of the implications of non-ideal backhaul to a later release. 
  
Regarding the motivation for different virtual cell IDs to minimize the complications to the process of scheduling dynamic HARQ-ACK for the case of CoMP Scenario 3 with different DL/UL association or for the consideration of coexistence of legacy and Rel-11 UEs, such scheduling complications can be alleviated with the use of UE-specific starting location NPUCCH_UE(1) for PUCCH scheduled dynamically via (e-)PDCCH. Finally, the issues of coexistence with legacy UEs for PUCCH formats 1a/1b can, at least, be partly handled via the use of ePDCCH based PUCCH resource allocation for Rel-11 UEs. 
  
[Sharp] We support common virtual cell ID for all the PUCCH formats. 
  
[LG]: Especially for CoMP scenario 4, for example PUCCH format 2 with periodic CSI feedback can be targeted to nearby RRH, whereas PUCCH format 1a/1b with dynamic A/N can be generated by PCI. This kind of example may provide such motivation regarding different VCID per different PUCCH format. 
In addition, it may be better to be independently configurable between the VCIDs for legacy-PDCCH-triggered PUCCH and ePDCCH-triggered PUCCH, especially for CoMP scenario 4 in which ePDCCH can be TP-specific whereas PDCCH is TP-common. 
  
[CATT] I suppose the bullet "delay sensitive information" as motivation indicates the case applying non-ideal backhauling. In ideal backhauling cases, if considering vitrual cell ID equal to TP ID, this motivation is not so valid for different IDs for PUCCH formats. 
We agree the second bullet of the motivation. In scenario 3, there could be cases of collision for Rel-10 and Rel-11 users from two cellsunless there is careful PDCCH scheduling by TPs coordination. Its fundamental reason is from difference of resource allocation manner among format 1/1a/1b and 2/2a/2b. Aligned with NSN's view, for format 1/1a/1b, virtual cell ID = PCI could be sufficient for scenario 3 (interference randomization) and 4 (orthogonality provided) when legacy UEs exist. For format 2/2a/2b, to make resource use more efficient, in scenario 4, virtual cell ID=TP ID can be applied to increase capacity. From this aspect, there would be independent virtual cell ID for PUCCH formats 
  
[Pantech] We think that all PUCCH formats of one UE target to one RP because Rel-11 CoMP assume ideal-backhaul case. But in future release it is required to consider non-ideal backhaul case, it could be re-discussed. 


[ZTE] We prefer common virtual cell ID for all the PUCCH formats, as we think the potential benefit of different virtual cell ID setting is not convincing and the use case may not even be necessary. For example, the interference issue between dynamic PUCCH with legacy UE could be solved with the use of multiple resource pool. Even with the possibility of using virtual cell ID for semi-static PUCCH and PCI for dynamic PUCCH at the same time, the PUCCH interference problem could still exist for some scenario, for example in scenario 4 with different DL/UL association. 
  

[MotMob]  Prefer common virtual cell ID for all formats at least for Release 11.  Benefits of independent configurations are not clear to us. 
 
[InterDigital] We are not sure that a semi-static use of PCI for PUCCH F1a/1b is the best approach, since it would essentially remove the area splitting gain in scenario 4 whenever a legacy UE is present in the system. A better approach in case of PUCCH F1a/1b could be to create distinct regions for the legacy UE’s and the R11 UE’s through e.g. the introduction of a UE-specific parameter NPUCCH(1) for R11 UE’s (at least for implicit assignment from PDCCH). The scenario of non-ideal backhaul could potentially justify fallback to PCI-based generation. However, if latency over the backhaul were a problem for PDSCH scheduling it would most likely be a problem also for PUSCH scheduling - thus the feasibility of UL/DL decoupling operation in such scenarios is anyway unclear. In summary, we prefer using a common virtual cell ID for all Formats, except possibly in some cases with Format 3 (see last question).
 
 
 ---------------- 
4.      Whether the UE-specific parameter NPUCCH_UE(1) , which substitutes cell –specific parameter NPUCCH(1), is needed or not. 
1.      the following issues brought up in the session should be taken into account: 
•        coordination with the legacy UEs, 
•        possibility of the scheduling to assign different RB(s) for HARQ-ACK, 
•        resource efficiency, 
•        harmonization with the mechanism for ePDCCH, which is currently under email approval: 
  [69-15] Sharp 
  R1-123013 WF on PUCCH RA for ePDCCH based A/N     
  Email approval until Thursday 7th June. 
  
[Samsung]: The main motivation for configuring a UE-specific parameter NPUCCH_UE(1)  is to avoid HARQ-ACK transmissions from UEs with DL connection to the macro from interfering with PUCCH transmissions to a pico (e.g. CoMP scenario 3). 
  
We first note that such solution cannot be applicable to legacy UEs for which, without scheduler restrictions, the PRBs for HARQ-ACK transmissions may be the same as the ones where CoMP UEs would have their HARQ-ACK transmissions. Therefore, although interference to pico PUCCHs may be reduced, it cannot be avoided in the presence of legacy UEs. 
  
Additionally, if the UE-specific parameter NPUCCH_UE(1)  is such that overlap of resources can occur among HARQ-ACK transmissions from macro-UEs and from pico-UEs, interference is again not avoided without scheduler co-ordination/restrictions. 
If the UE-specific parameter NPUCCH_UE(1)  is such that previous overlap of resources cannot occur, then this parameter can be TP-specific and not UE-specific. 
  
Moreover, the additional CoMP region for HARQ-ACK transmissions may introduce significant overhead. Also, in case that the aforementioned overlap is avoided, fragmentation between resources used for HARQ-ACK transmissions from pico-UEs and from CoMP macro-UEs can occur. These fragmented PRBs may not be easily used for PUSCH transmissions as associated SRS transmissions will often be wasteful as they will be sounding PUCCH PRBs. Additionally,  as clustered PUSCH transmissions are not currently supported, peak rates will be reduced. 
  
For the above reasons it is preferable that no UE-specific parameter NPUCCH_UE(1)  is introduced and CoMP operation is supported through the use of an A/N resource indication field included in the DCI formats scheduling PDSCH. It is noted that this can also be consistent with the support of HARQ-ACK transmissions in response to ePDCCH receptions. Resource compressions may also be considered in separate PRBs configured for CoMP HARQ-ACK transmissions. 
  
[Pana] We believe UE-specific parameter NPUCCH_UE(1) is necessary. The motivation is to alleviate interference problem between UEs with large pathloss difference in CoMP scenarios 3 and 4. Legacy UEs use dynamic A/N region corresponding to cell-specific NPUCCH(1) and therefore legacy UEs does not negatively affected by this UE-specific parameter. If we understand correctly, Samsung’s comment ‘such solution cannot be applicable to legacy UEs for which, without scheduler restrictions, the PRBs for HARQ-ACK transmissions may be the same as the ones where CoMP UEs would have their HARQ-ACK transmissions’ seems the concern on overlap of two dynamic A/N regions. We would like to note here that the main motivation is to separate two regions in a FDM manner and hence, it allows no overlap of two dynamic HARQ-ACK regions even for legacy UE. 
  
Regarding the concern of overhead, we agree the total amount of dynamic A/N regions could be increased compared to the case with cell-specific NPUCCH(1) only. On the other hand, it should be compared with the case where orthogonality is broken by multiplexing different reception power in the one region. In order to achieve efficient resource usage, we can study to introduce UE-specific Delta_shift^PUCCH_UE which substitutes cell-specific parameter Delta_shift^PUCCH. The parameter Delta_shift^PUCCH determines cyclic-shift spacing of dynamic A/N. In HetNet CoMP, since delay-spread of pico UEs is narrower, smaller value of Delta_shift^PUCCH_UE can be configured. This enables resource compression of additional dynamic A/N region. 
  
Another solution to reduce the overhead is to allocate A/N signals for ePDCCH to the unused resources within dynamic A/N regions of PDCCH. We need to consider how to allocate PUCCH resource for ePDCCH based A/N. If ePDCCH based A/N resources are separately allocated from dynamic A/N regions for PDCCH, significant overhead is required. However, if they can be allocated within the dynamic A/N regions for PDCCH, efficient resource usage is obtained. However, at this moment, it is not so obvious whether NPUCCH_UE(1) is used for ePDCCH based A/N resource allocation. This topic needs to be discussed in [69-15]. 
  
NNSN> This may be useful because the amount of resources needed for semi-static PUCCH varies from cell to cell, but It is also equally important to consider the details on dynamic allocation of PUCCH format 1a/1b resources via multiple PDCCHs and ePDCCHs on overlapping PUCCH resources, e.g., introduction of dynamic modifier for resource allocation. 
  
[<ALU-ASB>] We don’t see the need of introducing UE-specific parameter NPUCCH_UE(1)  since the A/N resources would be allocated per cell.   We think it is important to design a system to have dynamic cross-cell A/N resource indication for both PDCCH and ePDCCH.   
  
 [KDDI] Of course, resource consumption is an important issue, and hence smart schemes that don't require any additional overhead, scheduler complexity are desirable. However, we think it is difficult to introduce new scheme at the last moment. On the contrary, N_PUCCH_UE(1) is a similar technique with Rel-10 HetNet, thus we think it is a good starting point of PUCCH enhancement for CoMP. Thus, we support the introduction N_PUCCH_UE(1) in Rel-11, and further optimization can be considered in Rel-12. However, if it is difficult to reach the consensus, we are also fine to postpone it to Rel-12 because this enhancement is not essential for CoMP scenario 1 and 3. 
  
[Huawei, HiSilicon]: Our view is that introducing the UE-specific parameter N_PUCCH(1) is needed, which can avoid the potential interference and perform interference randomization. 
In CoMP scenario 3, it may occur that, for a certain UE (named as CoMP UE), the PDCCH is from Macro cell and the corresponding UL is targeted to a Pico cell. Based on the current PUCCH ACK/NACK resource mechanism, the PUCCH ACK/NACK resources in case of dynamic scheduling for such kind of CoMP UE and Pico UE are implicitly determined by the PDCCH from Macro cell and Pico cell respectively. If there is no coordination between the PDCCH from Macro and Pico cell, the ACK/NACK resource for the CoMP UE may collide with that of Pico UE. In this case, there would be strong interference on the ACK/NACK of Pico UEs. It is needed to create a new ACK/NACK region to avoid the potential interference, which is configured in a UE-specific manner. 
In addition, it is already agreed to introduce a UE-specific parameter X for generating base sequence and cyclic shift hopping for PUCCH. For this agreement, one of important motivations is to achieve cell splitting gain for PUCCH in CoMP scenario 4. When there is spatial reuse for PUCCH ACK/NACK resource in CoMP scenario 4, the UE-specific parameter N_PUCCH(1) is needed to define the ACK/NACK region for different reception point. 
  
[Intel] In our opinion, the introduction of UE-specific parameter NPUCCH_UE(1) is a reasonable choice to avoid dynamic HARQ-ACK collisions and high interference from UEs with decoupled  DL/UL association points, and to enable efficient realization of cell-splitting gains in CoMP Scenario 4 without suffering from too much interference on a single dynamic HARQ-ACK region. 
Without this enhancement, significant scheduler restrictions and tight coordination between the scheduling cells would be necessary to avoid the above issues. Similar to Panasonic, we do not see a coexistence issue in the presence of legacy users as CoMP UEs could be assigned in regions different from legacy UEs with UE-specific NPUCCH_UE(1). 
Appropriate methods to minimize the impact on resource utlilization efficiency should be studied further. These include: the introduction of a UE-specific DeltashiftPUCCH_UE with smaller values for UEs targeting Pico cells, not mandating that the two regions should be strictly non-overlapping to allow the network to trade-off some scheduling flexibility and independence for better resource utilization efficiency when appropriate, etc. Other potential methods to address this cause should be studied in consideration of the decisions made on ePDCCH based dynamic HARQ-ACK resource allocation. 
Finally, we do not see sufficient benefits of the alternative method of increasing the size of the DCI carried by PDCCH by introducing a new 2-bit ARI field for PDCCH based dynamic HARQ-ACK resource indication. 
  
[Sharp] Even final agreement was not made yet, In the email discussion [69-15], it seems we are going to agree that the PUSCH resource is at least partly implicitly indicated by some resource index related to ePDCCH. Therefore, it should be clarified whether the proposed “UE-specific parameter NPUCCH_UE(1) which substitutes cell –specific parameter NPUCCH(1)” covers the cases of ePDCCH transmission or not. 
  -  If so, we think UE-specific parameter NPUCCH_UE(1) is too specific proposal since it is still FFS which resource index is used and we think this is the part of the discussion of ePDCCH associated PUCCH resource, i.e.[69-15]. 
  -  We can share Panasonic’s view that interference alleviation (e.g. ICIC for PUCCH) may be needed in CoMP scenarios 3 and 4. However, the solution for avoiding collisions of PUCCH resources for ePDCCH and PDCCH might be used. Therefore, we are not sure we need separate solutions for the PUCCH resources separation for “interference alleviation, i.e.[69-14]” and “ePDCCH and PDCCH”. 
  
[LG]: To avoid PUCCH resource collision and achieve better resource management for UL-CoMP, at least some CoMP resource partitioning mechanism should be introduced. Under the consideration of limited time frame for Rel-11, introducing a UE-dedicated offset parameter NPUCCH_UE(1) can be a simpler way of dealing with this issue. Considering also ePDCCH discussions, it seems natural that CoMP PUCCH resource region should be UE-specific as ePDCCH itself will be UE-specific. Specifically, in CoMP scenario 4, it should be supported that the PUCCH region for macro RRH and that for pico RRH can be separated, as an example. Since this is already supported in CoMP scenario 3 where the PUCCH region for macro RRH and that for pico RRH can be separated by cell-specific PUCCH region configuration, the same operation is desired to be supported in CoMP scenario 4 as well. We would like to note here, however, some resource compression mechanism for the new CoMP region seems to be needed for efficient resource usage as Samsung mentioned. Alternatively, if more efficient PUCCH resource utilization is desired for enough PUSCH scheduling flexibility, dynamic A/N resource indication schemes can be further studied. 
  
  
[CATT]In scenario 4 firstly, we do not see the benefit of UE-specific N_PUCCH^(1) since sufficient orthogonality can be provided. In scenario 3, N_PUCCH^(1) can be configured differently among cells to avoid interference. Hence with legacy PDCCH, it does not have to introduce UE-specific N_PUCCH^(1). There are some overlap issues with ePDCCH. It would be better to look it again after ePDCCH discussion (at least after there is a general principle for ePDCCH). 
  

[Pantech] Our view is that UE-specific PUCCH offset is necessary in UL CoMP. As mentioned by other companies, UE-specific PUCCH offset would provide not only interference avoidance in CoMP scenario 3 but also cell-splitting gain in CoMP scenario 4. Additionally in Rel-10, PUCCH offset is signaled in UE-dedicated manner, so the impact of this change will be minimal and it could be a supper set of Cell-specific PUCCH offset. 


[ZTE] We see in principle the benefit of introducing UE-specific NPUCCH_UE(1) for solving the interference issue between Rel-11 UE and legacy UE. For example, in scenario3, with different UL/DL association, the macro’s NPUCCH(1) will be used based on the current Rel-10 mechanism, but this is evidently not the optimum choice. In scenario 4, with UE-specific NPUCCH_UE(1) and UE-specific VCID, RP specific NPUCCH_UE could be achieved,which should be useful . However, we note that there could be similar enhancement requirement for ePDCCH , which is currently under discussion. Then it would be desirable a unified solution is adopted. For that purpose, we need to at least wait to the stage when we have some further result on the ePDCCH topic.In short, we prefer to postpone the discussion of this issue , and consider it together with optimization of ePDCCH. 

[MotMob] We see a need to introduce a user-specific N_PUCCH^1. Given the overlapping discussion for ePDCCH, we would be OK to postpone the decision until next meeting taking into account the ePDCCH aspect and goal of a unified solution. 

 
[InterDigital] We think it would be beneficial to introduce a UE-specific NPUCCH(1) for PDCCH-based dynamic assignment of PUCCH F1a/1b resource. In scenario 3, macro UE’s that have a low path loss to pico cells need to transmit PUCCH in different RB’s than the pico UE’s to avoid high interference. This implies that they use a NPUCCH(1) value different than for the pico UE’s. In absence of a UE-specific value of NPUCCH(1), all UE’s in the macro cell need to transmit PUCCH into that non-overlapping region, which wastes PUSCH capacity. On the other hand, if a UE-specific value of NPUCCH(1) is introduced, macro R11 UE’s that are not close to a pico cell can transmit PUCCH in the same RB’s as the pico UE’s. In subframe where only such UE’s need to transmit PUCCH, additional UL capacity can be reclaimed for PUSCH transmissions. We also support the introduction of a UE-specific Delta_shift^PUCCH to enable increase of multiplexing capacity of PUCCH transmissions directed to a pico cell in scenario 4 when the delay spread is sufficiently small.
 
  
 ---------------- 
5.      The necessities of fallback to PCI based sequence/hopping pattern generation. 
1.      The exact situations and mechanism to fallback to PCI should be identified. 
[Samsung] As we discussed in Question 1, the first and the second use cases captured in Question 1 motivate a fall back mechanism. One example method to facilitate fallback is to rely on DCI format 1A transmitted in the common-search space (CSS); when DCI format 1A is transmitted in the CSS, the UE generates corresponding dynamic PUCCH format 1a/1b sequence with PCI. However, this method has limitation as the available CCE resources in the common-search space are quite limited and some of them should be used for common controls. Another example method would be to configure a UE of the PRB numbers for which the virtual cell ID (X) shall be used for generating PUCCH sequences. 
  
[Pana] We think fallback mechanism is not needed. eNB can detect PUCCH even in the ambiguity period because UE transmits PUCCH using one of two configurations corresponding to before and after RRC reconfiguration. However, if necessity is found, fallback operation could be studied. As Samsung referred, simple method is the use of DCI format 1A transmitted within common search space. If DCI format 1A is detected in CSS, UE uses physical cell ID and cell-specific parameter NPUCCH(1) for PUCCH transmission. Since the configuration of virtual cell ID and UE-specific parameter NPUCCH_UE(1) is according to RPs and is not frequently changed, this fallback mechanism is sufficient. If CSS is expected to be congested, downlink scheduler can manage the number of fallback users. 
  
NNSN> During the configuration/modification of virtual cell-id value there is some time period when it is not clear whether the new value has been taken into use in the UE. The need for specification changes because of this is ffs. 
  
[<ALU-ASB>] We don’t see the need of defining a fallback mechanism since the configuration and reconfiguration are controlled by the eNB.  The eNB should get acknowledgement of any reconfiguration without the period of ambiguity..   
  
[KDDI] Even if fallback is not supported, the eNB may solve the ambiguity issue during VCID (re)configuration by implementation, as mentioned by Panasonic. However, we think the design principle of DL DCI on CSS should be confirmed. If DL DCI on CSS doesn't support any Rel-(9?)/10/11 features, VCID should not be applied as well to avoid the fragmentation of UE/eNB behavior. 
  
[Huawei, HiSilicon]: Regarding the question about fallback mechanism, it is assumed that there is UE-specific parameter N_PUCCH(1) as the starting location of ACK/NACK resource. Based on the assumption, there is the ambiguity period during reconfiguring the UE-specific parameter N_PUCCH(1) because eNB and UE may have different understanding on the value of N_PUCCH(1). For the ambiguity, it can actually be solved by performing blind detection on the resources before and after reconfiguration at eNB side, and therefore there is no need to define the fallback mechanism. 
  
[Intel] We don’t think there is a need for an explicit fallback mechanism with regard to the use of virtual cell ID or UE-specific NPUCCH_UE(1) as the network is aware of both configurations before and after any reconfiguration. Further, we think that avoiding the requirement for an explicit fallback mechanism is yet another motivation to keep virtual cell IDs for PUSCH DM-RS and PUCCH independent. 
  
[LG]: As we responded in Question 3, if PCID or VCID can be independently used for different PUCCH format, it is not a big issue to configure PCID for CSS and VCID for USS. 
  
  

[CATT] We don't thinkit is necessary to have an explicit fallback mechanism since eNB is aware of reconfiguration. 

[ZTE] We think there is no need for introducing fallback scheme. We are not sure if the ambiguity period really exists, as the eNB is always aware of timing for the reconfiguration and can always employ implementation based solution to avoid any potential ambiguity. 
  

[MotMob]  Don’t see a need for a fallback mechanism since the configuration and reconfiguration of the virtual cell ID are controlled by the eNB.
[InterDigital] We do not see a strong need for a fallback mechanism arising from reconfigurations. One fallback mechanism that could provide benefits is in case the UE is configured with PUCCH Format 3 for HARQ A/N. In this case, interference with a legacy UE transmitting on PUCCH F3 in the same RB can be minimized if the R11 UE also generates PUCCH using PCI. This can be realized without any additional signaling by reserving one of the 4 existing ARI codepoints to indicate fallback.
 
Whether the virtual cell ID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configuration?


The identified motivations to use independent virtual cell ID are;


Different connection for PUSCH and PUCCH,


Application for CoMP scenario 1, i.e. virtual cell ID for PUSCH DMRS is aimed at the sequence alignment between sectors, but virtual cell ID is unnecessary for PUCCH, and


The ranges of virtual cell ID for PUSCH DMRS, i.e. [0-509], is determined considering the use of non-zero � EMBED Equation.3  ���, while � EMBED Equation.3  ��� is not used for PUCCH.





What is the exact value range of the virtual cell ID for PUCCH?


The dependency on PUSCH DMRS should be considered





Whether the virtual cell ID is common for all the PUCCH formats?


The identified motivations to use different virtual cell IDs are as follows:


Delay sensitive information (i.e. HARQ-ACK) should be transmitted independently to the DL transmission point(s), and


The scheduling for dynamic HARQ-ACK would be complicated in the case of different UL/DL connection for CoMP scenario 3, while use of virtual cell ID is useful for other PUCCH formats.  





Whether the UE-specific parameter � EMBED Equation.3  ���, which substitutes cell–specific parameter � EMBED Equation.3  ���, is needed or not.


the following issues brought up in the session should be taken into account:


coordination with the legacy UEs,


possibility of the scheduling to assign different RB(s) for HARQ-ACK,


resource efficiency,


harmonization with the mechanism for ePDCCH, which is currently under email approval:





The necessities of fallback to PCI based sequence/hopping pattern generation.


The exact situations and mechanism to fallback to PCI should be identified.








7

[image: image31.wmf]ss

D

[image: image32.wmf]ss

D

[image: image33.wmf])

1

(

PUCCH_UE

N

[image: image34.wmf])

1

(

PUCCH

N

_1402826525.unknown

_1403327733.unknown

_1403431178.unknown

_1403328610.unknown

_1400564098.unknown

_1402813579.unknown

_1400564047.unknown

