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1. Introduction
In RAN1#68, RAN1 discussed how to multiplex the physical uplink control channel (PUCCH). It was agreed that the discussion is to be continued as follows.
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In this contribution, PUCCH resources for CoMP Scenarios are discussed.
2. Discussion
2.1. Inter-RP interference on dynamic PUCCH
For up to Rel-10, PUCCH resources have been designed with the assumption that region for PUCCH 1a/1b transmission for PDCCH would be reserved enough as shown in Figure 1. PUCCH 1a/1b resources for dynamic A/N transmission is configured based on the starting point indicated by cell-specific N(1)PUCCH.
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Figure 1: Rel-10 PUCCH 1a/1b resource

In terms of CoMP Scenarios, there are multiple reception points (RPs) in a macro area. Therefore, inter-RP interference on PUCCH should be considered. To avoid such interference, FDM scheme between PUCCH regions associated with macro node and Low Power Node (LPN) has been proposed[1]-[5]．They showed that cell specific N(1)PUCCH can achieve FDM without any additional standardization effort in Scenario 3. Meanwhile, it is considered that introduction of a new UE specific ACK/NACK (A/N) resource offset can achieve the ICIC between macro node and LPN or cell splitting gain among LPNs in Scenario 4 since the same cell-specific N(1)PUCCH has to be assumed among all RPs. 
Observation 1:

· Introduction of a new RP-specific ACK/NACK (A/N) resource offset can achieve the ICIC/cell splitting gain among reception points in Scenario 4.

· How to be specified is FFS.
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Figure 2: FDM among RP (RP-specific PUCCH resource enhancement)
2.2. A/N associated with PDSCH indicated by ePDCCH

The introduction of ePDCCH has been studied in RAN WG1. In Rel.8-10 PUCCH format 1a/1b resource for dynamic A/N is tied to CCE index of PDCCH while PUCCH format 1a/1b resource for semi-persistently scheduled UEs or relay nodes is configured through RRC signalling. 
Similar to this case, there are several schemes which can make the region of PUCCH 1a/1b resource for ePDCCH separate from the region of PUCCH 1a/1b resource for PDCCH. One is that UE-specific PUCCH resource offset is adopted instead of (or in addition to) legacy N(1)PUCCH. Another is that candidates of PUCCH 1a/1b resources for ePDCCH are directly configured via RRC signalling. In this case, the region for PUCCH 1a/1b resource for ePDCCH can be arranged below the legacy region though Figure 2 shows the example that it is located above. 

Observation 2:

Detailed configurations of PUCCH 1a/1b resources for ePDCCH are FFS

· For example,

· UE-specific PUCCH resource offset is adopted instead of (or in addition to) legacy N(1)PUCCH. 

· Candidates of PUCCH 1a/1b resources for ePDCCH are directly configured via RRC signalling.

Firstly we focus on a case that PUCCH resource is tied to eCCE (or CCE) index of ePDCCH too. Even though it is not clear how to define eCCE index in ePDCCH, it may cause the PUCCH resource contention if eNB allocates DL grants to a CCE and an eCCE which have the same index number in a subframe. Otherwise, UEs may have to know the number of CCEs in PDCCH even if the UE is configured with ePDCCH. To avoid the above situation, at least the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH as shown in Figure 2.
Next, we think about a case that PUCCH resource for ePDCCH is assigned through RRC signalling. It has been assumed RRC configured PUCCH resources are reserved in the separate region from that for PUCCH format 1a/1b resource tied to CCE index of PDCCH due to scheduling flexibility of the PDCCH. For the same reason, the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH in this case as well.
Note that introduction of ePDCCH does not provide the reduction of PUCCH 1a/1b transmission triggered by DL grand in PDCCH automatically. For instance, enough dynamic PUCCH resources have to be reserved in a cell where lots of Legacy UEs exist, even when the eNB can utilize ePDCCH. Therefore, an eNB may configure RRC parameters to reserve PUCCH 1a/1b resources for PDCCH as much as those in Rel-10 even while ePDCCH is used. To realize this, separate configuration of region for PUCCH 1a/1b resource for ePDCCH is useful too.
Assumption:

· It is assumed that PUCCH format 1a/1b resource for dynamic A/N is tied to CCE/eCCE index of PDCCH/ePDCCH.
Observation 3:

· It may cause the problem to share the common region for PUCCH 1a/1b resources for the DL grant both on ePDCCH and PDCCH if eNB allocates DL grants to a CCE and an eCCE which have the same index number in a subframe.
Assumption:

· It is assumed that PUCCH resource for ePDCCH is assigned through RRC signalling.
Observation 4:

· In Rel.8-10, RRC configured PUCCH resources are reserved in the different region from that for PUCCH format 1a/1b resource tied to CCE index of PDCCH due to scheduling flexibility of the PDCCH. Similar solution can be applied to PUCCH resources for ePDCCH.
Proposal 1:

· At least the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH.
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Figure 3: Rel-11 PUCCH resource for single cell scenario 

(Separate PUCCH region for PDCCH and ePDCCH)
2.3. PUCCH resource management for CoMP Scenarios
According to the above discussion, Figure 4 shows details of PUCCH resources partitioned with the FDM among RP. We show an example of CoMP Scenario 3. Taking into account the all the combinations of reception points and DL grant resources, overhead of dynamic PUCCH resources can be significant if the separate resources are configured for all the combination, i.e. pure FDM,  as shown in Figure 4. 
For example, two separate resources are allocated for ePDCCH and PDCCH which are transmitted from macro eNB. In addition to those resources, another two separate resources may be allocated for ePDCCH and PDCCH are transmitted from LPNs.

Taking into account the significant amount of PUCCH resources, it is required to consider how to reduce the amount and types of PUCCH resources from Figure 4.
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Figure 4: Pure FDM between macro and LPN

Observation 5:

· Overhead of dynamic PUCCH resources can be significant when the separate resources are configured for all the combinations of reception points and DL grant resource (e.g. macro PDCCH, macro ePDCCH, LPN PDCCH, LPN ePDCCH etc). 
· How to reduce the amount and types are FFS.


2.4. UE-specific parameter to configure PUCCH 1a/1b resource for ePDCCH
In section 2.2, we proposed that at least the region for PUCCH 1a/1b resource for ePDCCH should be allowed to be configured separately from that for PDCCH. So we discuss the PUCCH resource for ePDCCH first.
If UE-specific PUCCH resource for ePDCCH is specified, the system can achieve ICIC or cell splitting gain among Rel.11 UEs as shown in Figure 4. 
Observation 6:

· About Rel.11 UEs’ dynamic PUCCH resources:

· The enhancement of PUCCH resource for ePDCCH can achieve ICIC between macro node and LPN and cell splitting gain among LPNs.

On the other hand, if we focus on legacy UEs, regardless of PUCCH resource enhancement in Rel.11, it depends on CoMP scenario whether the system can achieve ICIC or cell splitting gain or not. 

For example, if it is CoMP scenario 3, by configuring appropriate cell-specific N(1)PUCCH for each cell the system can achieve ICIC or cell splitting gain among legacy UEs as shown in Figure 4.

However, if it is CoMP scenario 4, the system cannot achieve ICIC among legacy UEs since N(1)PUCCH is a cell-specific parameter.

 Observation 7:

· About legacy UEs’ dynamic PUCCH resources:

· In CoMP scenario 3, they are configured by using cell-specific parameters associated with TP regardless of reception point so that legacy UEs may enjoy FDM based coordination by appropriate configuration of cell specific N(1)PUCCH.

· In CoMP scenario 4, they are configured by using cell-specific parameters associated with TP regardless of reception point so that legacy UEs cannot enjoy FDM based coordination and they must use the common PUCCH resources within a cell.

ICIC or cell splitting gain among Rel.11 UEs can be achieved by the enhancement of PUCCH resource for ePDCCH, while RP-specific PUCCH resource enhancement can provide the similar gain among Rel.11 UEs. However, as we already said in the above, we think at least the region for PUCCH 1a/1b resource for ePDCCH should be allowed to be configured separately from that for PDCCH. The following is our observation.

Observation 8:

· Both enhancement of PUCCH resource for ePDCCH and RP-specific PUCCH resource enhancement can achieve the similar gain in terms of ICIC between macro and LPN and cell splitting gain among LPNs.
· Since we think at least the region of PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH, RP-specific resource enhancement based on PDCCH should not be discussed first.

Proposal 2:

· RP-specific PUCCH resource enhancement based on PDCCH should not be discussed first.

Considering the difference between the enhancement of PUCCH resource for ePDCCH and RP-specific PUCCH resource enhancement, the following is the difference between two solutions.
· ePDCCH is necessary to achieve the gain when only the enhancement of PUCCH resource for ePDCCH is specified.
· The gain can be achieved among Rel.11 even without ePDCCH when RP-specific PUCCH resource enhancement is specified.
Moreover, for Scenario 3, the gain can be achieved without additional functionality. Therefore, The only benefit to have RP-specific PUCCH resource enhancement compared to the enhancement of PUCCH resource for ePDCCH is the gain by using PDCCH in Scenario 4. It should be considered carefully if such case is taken into account.
Observation 9:

· The only benefit to have RP-specific PUCCH resource enhancement compared to the enhancement of PUCCH resource for ePDCCH is the gain by using PDCCH in Scenario 4. It should be considered carefully if such case is taken into account.
Proposal 3:

· Enhancement of dynamic PUCCH resource for ePDCCH should be discussed before RP-specific resource enhancement.

· The reason is that the enhancement of PUCCH resource for ePDCCH can achieve ICIC/cell splitting gain among Rel.11 UEs and we think this enhancement is necessary from avoiding the PUCCH resource contention.

· The necessity of RP-specific PUCCH resource enhancement in Rel.11 UEs should be discussed after the enhancement of PUCCH resource for ePDCCH is discussed.

3. Conclusion

Based on the above discussion, Sharp proposes that:
Proposal 1:

· At least the region for PUCCH 1a/1b resource for ePDCCH can be configured separately from that for PDCCH.
Proposal 2:

· RP-specific PUCCH resource enhancement based on PDCCH should not be discussed first.

Proposal 3:

· Enhancement of dynamic PUCCH resource for ePDCCH should be discussed before RP-specific resource enhancement.

· The reason is that the enhancement of PUCCH resource for ePDCCH can achieve ICIC/cell splitting gain among Rel.11 UEs and we think this enhancement is necessary from avoiding the PUCCH resource contention.

· The necessity of RP-specific PUCCH resource enhancement in Rel.11 UEs should be discussed after the enhancement of PUCCH resource for ePDCCH is discussed.
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5. Annex
5.1. For CoMP Scenario 3
In Scenario 3, macro PDCCH may prevent reception of LPN PDCCH. To avoid this, eICIC and cross-carrier scheduling were introduced in Rel-10. These technologies provide coordinated transmission between macro and LPN PDCCH. Hence, we review two kind of subframe. Subframe A is defined as a subframe where macro node transmits PDCCH while Subframe B is defined as a subframe where macro node doesn’t transmit PDCCH.

· Solution 1

In Rel-10 eICIC, LPN can transmit PDSCH in a subframe where macro node transmits PDSCH. Thus, interference between macro and LPN PUCCH should be considered in Subframe A. For Scenario 3, FDM scheme between macro and LPN PUCCH is realized by suitable configurations of N(1)PUCCH since macro and LPN have the different cells. Solution 1 provides each RP with FDM scheme of macro and LPN PUCCH 1a/1b among transmission points (TPs) which transmit DL grant.

Figure 5 shows solution 1 in Subframe A. PUCCH regions for each RP is drawn at the bottom of Figure 5. First, we focus cases where RP is a macro node. As described in the previous section, the macro eNB reserves PUCCH 1a/1b resources for PDCCH as much as those in Rel-10 macro. LPN configures a suitable N(1)PUCCH so that PUCCH for DL grant transmitted from LPN isn’t reported in this region. Thus, dynamic A/N transmission associated with PDSCH indicated by macro PDCCH macro is free from the interference of A/N for LPN in this region. Meanwhile, such A/N that corresponds to macro ePDCCH is transmitted via the different region from A/N for macro PDCCH as is the case in Figure 3 and 4. The A/N is also free from the interference of A/N for LPN in this region due to configuration of N(1)PUCCH. 

Next, we focus cases where RP is a LPN. A dynamic A/N transmission for the macro node is restricted in a region where PUCCH resource for LPN PDCCH is located so that there is no interference from macro PUCCH in the region. Also, A/N for LPN for LPN ePDCCH doesn’t suffer interference from macro PUCCH due to restriction of macro PUCCH. On the contrary, such A/N that corresponds to macro PDCCH and macro ePDCCH is allowed despite N(1)PUCCH to be transmitted through the same region where A/N for the macro node is transmitted. Legacy UE can behave the same way since this behaviour can be operated within the same functionality as Rel-10 or earlier. In this region, PUCCH transmission doesn’t collide since no A/N for LPN PDCCH/ePDCCH is transmitted here. In addition, the A/N for LPN can be orthogonally multiplexed with the A/N for the macro node since UE can use the same base sequence as the macro node. Especially, the PUCCH resource associated with PDSCH indicated by macro PDCCH and A/N for the macro node can be scheduled with CCE index based manner.

Therefore, solution 1 is realized by configuring cell-specific N(1)PUCCH and introducing new means to arrange a region for PUCCH 1a/1b resource for ePDCCH differently from the region for PUCCH 1a/1b resource for PDCCH. In addition, legacy UE can be operated within the legacy functionality.
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Figure 5: Solution 1 for Scenario 3 (subframe A)

Figure 6 shows solution 1 in Subframe B. PUCCH management in this case is almost the same as in the case of Subframe A. But the region for PUCCH associated with macro PDCCH isn’t used.
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Figure 6: Solution 1 for Scenario 3 (subframe B)

· Solution 2
Solution 2 provides each RP with FDM scheme of macro and LPN PUCCH 1a/1b for macro/LPN PDCCH among transmission points (TPs) which transmit DL grant. Also, solution 2 provides cell splitting of dynamic PUCCH for macro/LPN ePDCCH. 

Figure 7 shows solution 2 in Subframe A. PUCCH regions for each RP is drawn at the bottom of Figure 5. First, we focus cases where RP is a macro node. As is the cases in solution 1, the macro eNB reserves PUCCH 1a/1b resources for PDCCH as much as those in Rel-10 macro. LPN configures a suitable N(1)PUCCH so that PUCCH for DL grant transmitted from LPN isn’t reported in this region. Thus, dynamic A/N transmission associated with PDSCH indicated by macro PDCCH macro is free from the interference of A/N for LPN in this region. The difference from solution 1 is that frequency resources for A/N for macro for macro ePDCCH macro are also used for A/N transmission for LPN for LPN ePDCCH. To realize this, some technologies, i.e. enhanced TPC and/or flexible assignment of base sequence, may be necessary in order not to cause serious inter-RP interferences. 

Next, we focus cases where RP is a LPN. A dynamic A/N transmission for the macro node is restricted in a region where PUCCH resource for LPN PDCCH is located so that there is no interference from macro PUCCH in the region. The difference from solution 1 is a case of PUCCH transmission for ePDCCH. As described in the case that RP is a macro node, A/N for macro for macro ePDCCH macro and A/N for LPN for LPN ePDCCH share the same frequency resources. 

According to the above, solution 2 brings higher cell splitting gain on PUCCH 1a/1b than solution 1 though scheduling complexity increases. Therefore, this solution requires reserving much smaller region for PUCCH 1a/1b as can be seen from comparison of Figure 4, Figure 5 and Figure 7. 
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Figure 7: Solution 2 for Scenario 3 (subframe A)

Figure 8 shows solution 2 in Subframe B. PUCCH management in this case is almost the same as in the case of Subframe A. But the region for PUCCH associated with macro PDCCH isn’t used.
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Figure 8: Solution 2 for Scenario 3 (subframe B)

Both of the above solutions provide reduction of inter-RP interference on PUCCH. Although solution 2 is more preferable from the standpoint of effective use of PUCCH resources, both solutions require only introducing new means to arrange a region for PUCCH 1a/1b resource for ePDCCH differently from the region for PUCCH 1a/1b resource for PDCCH in addition to configuring cell-specific N(1)PUCCH. In addition, legacy UE can be operated within the legacy functionality.
5.2. For CoMP Scenario 4
For Scenario 4, it is assumed that legacy PDCCH is transmitted with SFN manner or is transmitted only from macro as shown in Figure 9. Hence, the two solutions degenerates into solution 2. In Scenario 4, uniform PUCCH structure, i.e. base sequence and offset parameters, is basically assumed among RPs since common physical cell identity and system information are used at each RPs. In this case, the same CCE-to-PUCCH mapping scheme as Rel-10 makes CCE index based scheduling available for A/N for PDCCH and the cell splitting doesn’t need to be applied on PUCCH transmission. Furthermore, even if SFN is applied for PDCCH transmission, legacy UE is not a significant interference source because of decreasing the transmission power. Therefore, inter-RP interference on such A/N isn’t a problem. 
In both cases where RP is the macro node and LPN, A/N for macro ePDCCH and A/N for LPN ePDCCH share the same frequency resources as is the case in solution 2 of Scenario 3. To achieve this, some technologies, i.e. enhanced TPC and/or flexible assignment of base sequence, may be necessary in order not to cause serious inter-RP interferences.

This solution also requires just introducing new means to arrange a region for PUCCH 1a/1b resource for ePDCCH differently from the region for PUCCH 1a/1b resource for PDCCH.
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Figure 9: Solution 2 for Scenario 4

As stated above, solution 1 and solution 2 provide good interference coordination for dynamic PUCCH while reducing the overhead. When RP changes during the UL CoMP procedure, UE can be use a suitable PUCCH resource by laterally switching PUCCH regions shown at the bottom of Figure 5 to Figure 9. If a joint reception is applied among multiple RPs, UE can use a PUCCH resource for one of the RPs. According to these solution, the overhead of dynamic PUCCH can be reduced compared with pure FDM scheme for CoMP Scenario as well as single cell scenario. Moreover, they require only introducing new means to arrange a region for PUCCH 1a/1b resource for ePDCCH differently from the region for PUCCH 1a/1b resource for PDCCH. 
Conclusion:�Continue discussion until next meeting. Potentially also take into account the related aspects in E-PDCCH discussion, in addition to COMP impact. Also consider the relation to PUCCH PC.
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