
3GPP TSG RAN WG1 Meeting #76

R1- 140070
Prague, Czech Republic, 10th – 14th February 2014
Source:
CATT
Title:
Summary of email discussion [75-38] PUCCH for TDD eIMTA
Agenda Item:
7.2.1.4
Document for:
Discussion/Decision
1 PUCCH formats for HARQ-ACK feedback
Companies are invited to provide input on the following points:
· Q1: Shall HARQ-ACK bundling be supported for HARQ-ACK feedback for TDD eIMTA?

· Q2: Shall PUCCH format 1b with channel selection be supported for HARQ-ACK feedback for TDD eIMTA, with the Rel-8/10 mapping tables? 

· Q3: Shall PUCCH format 3 be supported for HARQ-ACK feedback for TDD eIMTA?

	Company name
	Views

	CATT
	Q1: No, we prefer not to support HARQ-ACK bundling when TDD eIMTA is configured. HARQ-ACK bundling can only be used for UEs configured with a single serving cell, and was designed for power limited UEs in macro cells with the cost of DL throughput degradation.  In TDD eIMTA scenarios, i.e. small cells, uplink Tx power limitation is not an issue, and the motivation of HARQ-ACK bundling is not strong. In addition, evaluations have shown large SINR variance across DL subframes caused by the UL-DL reconfiguration in the neighbor cells, which means the SINR/BLER correlation between consecutive DL subframes is less compared to legacy systems and hence larger DL throughput loss due to HARQ-ACK bundling is expected. 
Q2: We have the preference not to support PUCCH format 1b with channel selection for TDD eIMTA. According to the current specification, spatial bundling is required for channel selection, which reduces DL throughput. This is the drawback of PUCCH format 1b with channel selection compared to PUCCH format 3. On the other hand, there is no strong motivation to reduce the number of HARQ-ACK bits on PUCCH from the uplink link budget perspective in small cell scenarios. Therefore it is not necessary to use channel selection for TDD eIMTA. In addition, if channel selection is to be supported, additional PUCCH format 1a/1b resources other than those existing implicit resources shall also be allocated to solve the resource collision between eIMTA and non-eIMTA UEs. Therefore the benefit in resource overhead saving for channel selection over PUCCH format 3 diminishes compared to the existing scenarios in Rel-10 and Rel-11. Furthermore, channel selection is not support for TDD UL-DL configuration #5, which is expected to be frequently used as DL HARQ reference since it increases the DL throughput for TDD eIMTA. 
Q3: Yes, PUCCH format 3 shall be supported for all Rel-12 UE (CA or non-CA capable) supporting TDD eIMTA. The HARQ-ACK payload is the largest with PUCCH format 3, which leads to less compressed HARQ-ACK information. It has also been shown that maximum DL throughput can be obtained by using UL-DL configuration #5 as DL HARQ reference for TDD eIMTA. Currently both HARQ-ACK bundling and PUCCH format 3 are supported for UL-DL configuration #5 while PUCCH format 3 is not mandatory for non-CA capable UEs. Given the technical reasons in the answer to Q1, HARQ-ACK bundling is not preferred in TDD eIMTA. Therefore, PUCCH format 3 shall be mandated for all Rel-12 UEs supporting TDD eIMTA.

	NEC
	Q1: If eIMTA is only supported for small cell, then HARQ-ACK bundling may be not necessary. Otherwise, HARQ-ACK bundling should be supported for UL power limited UE.
Q2: Yes, PUCCH format 1b with channel selection should be supported for eIMTA system. PUCCH format 1b with channel selection support up to 4 HARQ-ACK bits in non-CA system and 8 HARQ-ACK bits for CA system with 2 carrier components. It is possible to use PUCCH format 3 instead, however, incurs unnecessary PUCCH overhead. And this is the main reason why PUCCH format 3 is only supported for UE which supports aggregating more than one serving cell.

Q3: PUCCH format 3 shall be supported for Rel.12 UE which supports aggregating more than one serving cell.  If HARQ-ACK bundling is not supported for eIMTA system, when TDD configuration #5 is the DL reference configuration, PUCCH format 1b with channel selection is not supported for M=5. In this case, PUCCH format 3 would be a good choice even though UE doesn’t support carrier aggregation.

	Panasonic 
	We think PUCCH format 3 should be supported by all eIMTA-capable UEs. HARQ-ACK bundling and PUCCH format 1b with channel selection could be supported as well if the spec modification is small. 

Regarding the concern on high SINR supporting PUCCH format 3, we think interference coordination could solve it. And as typical eIMTA scenario has few users, overhead of PUCCH format 3 is not a big problem.  

	ZTE
	Q1/Q2/Q3: our answers are all YES. When DL HARQ reference configuration is configuration #2 or #4, PUCCH format 1b with channel selection can achieve good trade-off between performance and PUCCH overhead; when DL HARQ reference configuration is configuration #5, HARQ-ACK bundling is useful as proved by the current specification. If DL throughput performance loss becomes a concern when spatial or time-domain bundling is applied, PUCCH format 3 can be configured for HARQ-ACK feedback, especially in case DL reference configuration is configuration #5. We think it is more appropriate to leave the choice of three features to eNB implementation, rather than to determine by specification which existing feature is NOT supported in TDD eIMTA.

	InterDigital
	In our view, PUCCH F3 should be supported by R12 eIMTA capable UE’s for all signaled reference configurations. We expect configuration 5 to be of most immediate relevance for eIMTA. PUCCH F3 with its high A/N payload and very favorable operating SINR requirements is a natural solution resulting in least specification impact. We think that it is a significant design challenge, evaluation and specification effort to introduce PUCCH F1b CS for the case of reference configuration 5. When operating eIMTA in small cell environments and with typically very few users in the system, we do not expect overhead issues or problems with observed operating SINR geometry for the PUCCH F3 region in a subframe. Therefore, we see the introduction of PUCCH F1b CS only as a possibility for optimization in the particular cases of reference configurations 2 and 4. We are in principle open to consider additional support for PUCCH F1b CS with configurations 2 and 4, but we think priority should clearly be given to timely R12 completion of eIMTA and that for us means a solution using PUCCH F3.

Regarding support of A/N bundling, we think that for eIMTA small cell operating environments this should not be considered a first priority because we expect no issues with UL Tx power limitations or insufficient link budgets. However, we think that more generally, eIMTA capable UE’s should support A/N bundling, and it may then simply be considered to use separate bundling windows for fixed vs. separate subframes to cope with the widely differing SINR  distributions for these two subframe subsets. In the logic of timely R12 completion, we suggest to support bundling only for the case that a not too complex solution can be introduced.
In summary: Q1 – yes, Q2 – no , Q3 – yes

	Ericsson
	Q1: No. We don’t see strong need to optimize HARQ-ACK bundling for eIMTA. The main application scenario of eIMTA is small cell deployment where UL coverage is not a problem. If PUCCH format 3 is mandated for HARQ-ACK feedback for eIMTA, there is no strong motivation to optimize HARQ-ACK bundling considering the possible additional specification effort.  
Q2: Yes. PUCCH format 1b with CS should be supported when the DL reference configuration is TDD configuration 2 or 4. However, we don’t see the need to supported Format 1b with CS when the DL reference configuration is TDD configuration 5 due to significant specification effort and unclear benefit. Fundamentally, there is no need to support format 1b with CS for TDD configuration 5 when eIMTA is not applied.
Q3: Yes. PUCCH format 3 should be supported for HARQ-ACK feedback by all eIMTA capable UEs regardless of whether the UE supports carrier aggregation or not due to the similar reasoning mentioned by other companies.

	Samsung
	Q1: No need for bundling. 

Q2: Yes, it should be possible to re-use existing eNB HW supporting PUCCH Format 1b with channel selection and not force implementation of PUCCH Format 3 to non-CA capable UEs. Spatial bundling has been shown to result to negligible throughput loss (~1%).

Q3: Yes, PUCCH Format 3 should be supported.

	Sharp
	Q1: Yes. The bundling should be performed based on the received PDSCHs, same as current specifications. 

Q2: Yes. PUCCH format 1b with channel selection should be supported for 2 cells if the DL HARQ reference is not configuration 5. The M should be determined by the DL HARQ reference configuration

Q3: Yes. PUCCH format 3 should be supported. FFS on the actual number of bits to be reported in DL association set, e.g. based on M of DL HARQ reference configuration, or the actual DL/special subframe allocation.

	NSN, Nokia
	In general, we do not know yet what will be the scenarios utilizing eIMTA and it is not certain that those are limited to small cells. For example, it is possible to apply eIMTA signaling framework as a backwards compatible TDD-NCT in macro cellular environment. Hence, it would be beneficial to support all options seen as necessary in earlier releases also with eIMTA. Having different formats available for HARQ-ACK feedback allows to trade-off between DL throughput and UL overhead/coverage and maximize commonality with earlier LTE releases. Regarding Q1/Q2/Q3, our detailed views are as follows:

· Q1: Yes. Currently, HARQ-ACK bundling is the only option using UL-DL configuration #5 with non-CA capable UEs. Taking into account the importance of configuration #5 for eIMTA and the overhead issue involved in PUCCH Format 3 we think that HARQ-ACK bundling should be supported. However, there is a clear need for optimizing HARQ-ACK bundling for eIMTA, e.g. by means of by means of providing separate bundling windows for fixed and flexible subframes, respectively.

· Q2: Yes. It is noted that there are completely different HARQ feedback scenarios defined for different combinations of UL&DL reference configurations. Hence, sufficient flexibility is required also for HARQ-ACK feedback.

· Q3: Yes. Taking into account the increased importance of configuration 5, we propose that an eIMTA capable UEs should always support PUCCH format 3, also without carrier aggregation capability.

	Intel
	Q1: No. The reasons are twofold. eIMTA supposed to be used in a small-cell scenario (e.g. Pico cell), PUCCH coverage should not be a realistic issue. Using HARQ-ACK bundling for this case is not well-motivated. On the other hand, performance loss is anticipated compared to other solutions because the interference level can be dramatically varied between the fixed DL subframes and flexible subframes within a same bundling window due to the presence of cross-link interference. 
Q2: Yes. PUCCH format 1b with CS should be supported due to less control overhead. 
Q3: Yes. PUCCH format 3 should be supported to achieve the eIMTA gain in CA scenario by enabling dynamic UL/DL re-configuration on SCell with configuration 5 as DL-reference configuration.

	Huawei, HiSilicon
	Q1: No, for HARQ-ACK bundling scheme, if the bundling window covers two different DL subframe sets, it is not beneficial to bundle these HARQ-ACKs together since they come from two subframe sets. In addition, we also share the similar thought with CATT, and we slightly do not prefer to support HARQ-ACK bundling for eIMTA.

Q2: Yes, PUCCH format 1b with channel selection should be one supported HARQ-ACK transmission mechanism. Since the PUCCH may also suffer crosslink interference from neighboring cell, it is better to have one complementary scheme in addition to PUCCH format 3, when the performance of PUCCH format 3 is not good enough. Moreover, PUCCH format 1a/1b resources will be reserved for non-eIMTA capable UEs and with a proper resource allocation mechanism, these resources could be reused by eIMTA​-enabled UEs.
 Q3: Yes, PUCCH format 3 can be considered to be one supported HARQ-ACK transmission mechanism for Rel-12 eIMTA capable UE, regardless of CA and non-CA capability.

	LG Electronics
	Q1/Q2/Q3: Yes. We have a similar view with ZTE. To be more specific, it is desirable that the selection of PUCCH format for eIMTA UE is totally dependent on an eNB implementation, and it is not necessary to describe whether or not a certain PUCCH format is supported for TDD eIMTA in the specification. In addition, we think that it can be possible to reuse the existing PUCCH formats for TDD eIMTA, as long as the issue of implicit PUCCH resource collisions is resolved.

	NTT DOCOMO
	Q1: Yes. HARQ-ACK bundling could be supported considering its low signaling overhead, especially when the DL reference configuration is configuration #5.
Q2: Yes. PUCCH format 1b with channel selection can provide up to 4 bits HARQ feedback, which is sufficient for most of the time configurations except configuration #5.  Furthermore, the signaling overhead of PUCCH format 1b with channel selection is much smaller than that of PUCCH format 3. In addition, some possible enhancement could be considered for PUCCH format 1b with channel selection in eIMTA, for example, Rel. 8/10 mapping table still can be used, but the M value could be decided according to the successfully received L1 reconfiguration signaling; Partial bundling (e.g., bundle fixed and flexible subframes, respectively) could be considered to extend PUCCH format 1b with channel selection to also support DL reference configuration #5.

Q3: Yes.  PUCCH format 3 shall be supported regardless CA capability if PUCCH format 1b with channel selection cannot be extended to configuration #5. And PUCCH format 3 has up to 20 bits for HARQ-ACK feedback so the feedback information may not have to be bundled, which will benefit the DL throughput performance. Some minor specification changes may be needed, for example, when the UL reference configuration is configuration #0, how to support PUCCH format conversion from format 3 to format 1a/1b in the DAI absent situation should be considered.

	ALU/ASB
	Q1: Maybe. HARQ-ACK bundling could be supported if there is minimum additional specification impact. If supported, we prefer not to further optimize the bundling window. This could be useful if there is good coordination between cells with strong interference so that flexible subframes and fixed subframes would see similar interference.
Q2: Yes. PUCCH format 1b with channel selection should be supported for DL reference configuration 2 and 4, not 5.

Q3: Yes. PUCCH format 3 should be supported by all eIMTA UEs, regardless of its CA capability.

	Mediatek
	Q1: No. HARQ-ACK bundling is unnecessary to be supported since the motivation for UL power limitation is unobvious in potential eIMTA application scenario, e.g. small cell.  

Q2: Yes. PUCCH format 1b with channel selection should be supported considering as small as possible specification impact.

Q3: Yes. PUCCH format 3 should be supported for all eIMTA capable UEs even without CA capability.

	Qualcomm
	Q1: Yes, we don’t see spec change required regarding support of HARQ-ACK bundling for TDD eIMTA. HARQ-ACK bundling was supported in R8, R10 and R11 as a default feedback format. If DL performance loss is a concern not to support HARQ-ACK bundling, then eNB can configure another HARQ-ACK feedback format for eIMTA UEs. So it is up to eNB’s implementation to determine whether to support HARQ-ACK bundling for eIMTA, rather than adding any spec restriction. 

Q2: Yes, PUCCH format 1b with channel selection should be supported for TDD eIMTA when DL reference configuration is 2 or 4. The existing restriction not to support format 1b with CS for TDD configuration 5 shall be kept. No optimization for format 1b with CS for TDD configuration 5 is required.

Q3: No. Currently PUCCH format 3 is only supported for CA-capable UE. When UL-DL configuration 5 is used as DL reference configuration, HARQ-ACK bundling is the only feedback format for non-CA capable UE. Whether to improve this with support of PUCCH format 3 needs further discussion. If PUCCH format 3 is seen so important it shall be added to TDD configuration 5 in Rel-10. There is no over-riding reason to have PUCCH format 3 mandatory for TDD eIMTA UE.

	ITRI
	Q1: Yes. HARQ-ACK bundling could be supported when the DL reference configuration is configuration #5.
Q2: Yes. PUCCH format 1b with channel selection should be supported for DL reference configurations 2 and 4.
Q3: Yes. PUCCH format 3 should be supported for eIMTA capable UEs regardless CA capability.

	Fujitsu
	Similar view to NSN/Nokia: We do not know yet what will be the scenarios utilizing eIMTA and it is not certain that those are limited to small cells. Hence, it would be beneficial to support all options seen as necessary in earlier releases also with eIMTA. 

“Yes” for Q1/2/3

	Texas Instruments
	Q1: Specifically for small cell deployments we don’t see a need for HARQ-ACK bundling for eIMTA as we pointed out during the RAN1 #75 meeting. However, when it comes to how the specification is written there is no need to expressly forbid it as long as we don’t optimize for it. As NSN points out one cannot foresee all possible use cases for EIMTA so it can be left to the eNB which PUCCH scheme to enable.  

Q2: PUCCH Format 1b with channel selection should be supported but only when the DL-reference configuration is #2 or #4. There is no need for additional specification to support UL/DL Configuration #5.

Q3: Yes, we believe PUCCH Format 3 should be supported by all UEs supporting EIMTA because UL/DL Configuration #5 is a likely DL-reference configuration and we would not like HARQ-ACK bundling to be the only possible PUCCH scheme.

	Potevio
	Q1: No. Considering small cell is the target application scenario for eIMTA, HARQ-ACK bundling seems unnecessary.

Q2: Yes. PUCCH format 1b with channel selection should be supported for DL reference configuration {2,4} for eIMTA with less overhead.

Q3: Yes. PUCCH format 3 should be supported for DL reference configuration {5} or CA with more than two configured serving cells.


Summary: 

· Q1: Shall HARQ-ACK bundling be supported for HARQ-ACK feedback for TDD eIMTA?

· Yes: 
· NEC(if eIMTA is not limited to small cells), Panasonic(if spec impact is small), ZTE, InterDitigal (if the solution is not too complex), Sharp, NSN/Nokia (with necessary HARQ-ACK bundling enhancements), LGE, DoCoMo, ALU/ASB(if spec impact is small), Qualcomm, ITRI, Fujitsu, TI (without further optimization), 
· No: 
· CATT, NEC(if eIMTA is only supported in small cells), Ericsson, Samsung, Intel, Huawei/Hisilicon, MediaTek, Potevio
· Q2: Shall PUCCH format 1b with channel selection be supported for HARQ-ACK feedback for TDD eIMTA, with the Rel-8/10 mapping tables? 

· Yes for UL-DL configuration #2 and #4: 
· NEC, Panasonic (if spec impact is small), ZTE, Ericsson, Samsung, Sharp, NSN/Nokia, Intel, Huawei/Hisilicon, LGE, DoCoMo, ALU/ASB, MediaTek, Qualcomm, ITRI, Fujitsu, TI, Potevio
· Yes for UL-DL configuration #5: 
· DoCoMo

· No: CATT, InterDigital
· Q3: Shall PUCCH format 3 be supported for HARQ-ACK feedback for TDD eIMTA?

· Yes for both CA and non-CA capable UEs
· CATT, NEC (if ACK/NACK bundling is not supported), Panasonic, ZTE, InterDigital, Ericsson, NSN/Nokia, Huawei/Hisilicon, LGE, DcCoMo(if channel selection is not supported in UL-DL configuration #5), ALU/ASB, MediaTek, ITRI, Fujitsu, TI, Potevio, Sharp, Intel
· Yes for CA capable UEs only
· NEC (if ACK/NACK bundling is supported), Samsung
· No

· Qualcomm

2 PUCCH resource allocation for HARQ-ACK feedback

Companies are invited to provide inputs on the following points:
· Q4: Are there any specification changes required on PUCCH resource allocation for HARQ-ACK bundling, for a UE configured with TDD eIMTA? If yes, provide the details.

· Q5: Are there any specification changes required on PUCCH resource allocation for PUCCH format 1b with channel selection (Rel-8 and/or Rel-10 mapping tables), for a UE configured with TDD eIMTA? If yes, provide the details.

· Q6: Are there any specification changes required on PUCCH resource allocation for PUCCH format 3, for a UE configured with TDD eIMTA? If yes, provide the details.

	Company name
	Views

	CATT
	Q4: Yes. As eIMTA UEs will use a DL-reference UL-DL configuration which is different from non-eIMTA UEs, there is collision in determining the implicit PUCCH format 1a/1b resource for the two types of UEs. Specification changes are required to solve such collision by allocating additional PUCCH resources for eIMTA UEs. Several alternatives exists, including a) allocating additional PUCCH resources for all DL subframes within the bundling window, or b) reusing the existing implicit PUCCH resource in subframes where same HARQ timing is applied for eIMTA and non-eIMTA UEs while allocating additional PUCCH resources for other subframes in the bundling window. In both alternatives, the additional PUCCH format 1a/1b resources shall be configured and determined implicitly or explicitly.
Q5: Yes. Similar specification impacts are required as for HARQ-ACK bundling.
Q6: Yes. For a UE, if eMITA is configured on the Pcell, then some specification is required for HARQ-ACK feedback with PUCCH format 3. In detail, two issues need to be discussed: a) the mechanism to determine the PUCCH format 3 resource needs to be updated, and b) the fall-back operation when PUCCH format 3 resource is not available. The simplest way is to introduce additional bits in DL grants as ARI for PUCCH format 3 resource indication, which would ensure PUCCH format 3 resource is always available and fall-back operation with PUCCH format 1b or channel selection is not strictly necessary. Methods of not introducing additional ARI bits in DL grant are also possible for this case, but which existing field in DCI can be reused as ARI for PUCCH format 3 resource indication and the fall-back operation need further discussion.
For a UE, if eIMTA is configured on the Scell but not on the Pcell, then the existing HARQ-ACK feedback with PUCCH format 3 configured can be reused, except that the DL-reference UL-DL configuration shall be used for the serving cell configured with eIMTA when determining the HARQ-ACK payload size.

	NEC
	Q4: Yes. As one UL subframe needs to feedback HARQ-ACK for both legacy UE and eIMTA-enable UE, and the related DL association set could be different. In order to avoid PUCCH collision and improve PUCCH resource efficiency, it would be better to reuse the existing implicit PUCCH resource in subframes where same HARQ timing is applied for eIMTA and non-eIMTA UEs while allocating additional PUCCH resources for other subframes in the bundling window. That says, additional PUCCH format 1a/1b resources shall be configured and determined implicitly or explicitly.
Q5: Yes. Similar specification impacts are required as for HARQ-ACK bundling.

Q6: No specification change is needed when PUCCH format 3 is only used for  CA capable UEs. If we allow PUCCH format 3 also to be used by eIMTA UE but doesn’t support CA, the existing PUCCH format 3 mechanism can still be reused. 
PUCCH format 3 should be able to fall back to PUCCH format 1b with channel selection when PUCCH format 3 resource indication signalling is not available. There is no need to specify new ARI bit field in DCI to indicate PUCCH format 3 resource.

	Panasonic 
	We don’t think there is any need to modify spec on PUCCH format 3.

We think a separate PUCCH region should be configured for PUCCH 1a/1b feedback by UEs operating eIMTA. This PUCCH region is used by eIMTA UEs whenever they do not operate according to SIB1.

ARI can be further used to avoid PUCCH resource collisions.

	ZTE
	Q4/Q5: It depends. If the PUCCH overhead is not a main concern, no specification change is needed; otherwise, specification modification may be considered for the block-interleaved PUCCH resource mapping. For example, for DL subframes being common within the bundling windows of legacy UEs and eIMTA-enabled UEs, PUCCH resource regions are reserved according to Rel-8 mapping rule to keep the backward compatibility. For the remaining DL subframes within the bundling window for eIMTA-enabled UEs, new PUCCH resource regions are defined which are interleaved as in Rel-8 and are located next to the legacy PUCCH resource regions

Q6: No specification change is needed.

	InterDigital
	Similar to R10, when PUCCH F3 is configured for A/N feedback with eIMTA, the existing explicit resource allocation mechanism can be used. In fact, this approach leaves it to the scheduler to avoid collisions. For example, the PUCCH resource regions can be partitioned and allocated to legacy vs. R12 eIMTA UE’s. We think that for a good number of anticipated eIMTA use cases, in particular when operating in small cell environments, eIMTA based traffic adaptation will not operate at typically high loads. Therefore, it should not be seen as a penalty that PUCCH overhead may nominally increase. 
In summary: Q4 – yes, Q5 – N/A , Q6 – no

	Ericsson
	Q4: Yes. Due to the possible resource collision between the legacy UE and eIMTA UE, specification change is needed for format 1a/1b PUCCH resource allocation. One solution is to divide the DL association set index of the eIMTA UE into two subframe sets and allocate PUCCH resource for the two sets separately. The first subframe set shares the same PUCCH resource allocation with legacy UEs while the PUCCH resource for second subframe set can be determined separately either implicitly or explicitly.

Q5: Yes. Similar changes in Q4 could be applied for format 1b with CS.
Q6:  No specification change is envisioned for PUCCH format 3 resource allocation other than the fallback operation discussed in Q4 and Q5.

	Samsung
	Q4/Q5: Yes. As non-eIMTA UEs and eIMTA UEs will operate with different configurations for HARQ-ACK feedback (SIB1 and DL reference, respectively) resource collisions can occur. One of the several previously alternatives can be selected. Our preference is to maintain implicit resource determination and re-index DL subframes that are not common in SIB1 and DL reference configurations.

Q6: Rel-10 principles can be re-used for PUCCH format 3 resource allocation. For fallback, when only a PDCCH with DAI=1 is detected on the PCell, the same principle for Q4/Q5 should be reused to determine a PUCCH Format 1a/1b resource. Some further consideration is needed in case of CA and configuration 5 as DL reference configuration for multiplexing P-CSI for both subframe sets.  

	Sharp
	Q4: Yes. The bundled HARQ-ACK transmission should be performed on the PUCCH format 1 resource linked to the last received PDSCH allocation. The PUCCH resource allocation should be based on the same principles as in format 1b with channel selection.  See Q5 for details

Q5: Yes. An eIMTA cell may apply different PUCCH resource regions or mapping methods for different subframes in the DL association set. The PUCCH resources should be shared with legacy UEs for DL/special subframes that are common to the legacy UEs. Additional PUCCH resources and mappings should be used for other subframes considering the probability of PDSCH transmission. Thus, the DL subframe association sets should be modified based on the following principles:

· For subframes shared with the legacy UEs, dynamic PUCCH resources having the lowest indices should be mapped from the DL subframes with the same way as legacy method using shared legacy PUCCH resource region.
· For subframes not shared with the legacy UEs, dynamic PUCCH resources corresponding to fixed DL subframes should be mapped first followed by flexible subframes to a new PUCCH resource region for eIMTA UEs.
Q6: No. The PUCCH format 3 resource of a UE is configured by higher layer, no specification change is needed.

	NSN, Nokia
	Q4:  Yes. The same rules should apply to all Format 1a/1b - based methods (PCell fallback, HARQ-ACK bundling and HARQ-ACK multiplexing)

In order to mitigate resource collisions between legacy and eIMTA UEs, implicit resource allocation principles need to be modified. There may also be a need to consider PDCCH and EPDCCH separately. 

A simple solution would be to define two downlink association set tables instead of a single table (i.e. Table 10.1.3.1-1 in TS 36.213): one for fixed (legacy) subframes for which the HARQ-ACK timing is the same for eIMTA and legacy UEs and another for flexible subframes. In the resource allocation formula defining the PUCCH resource for HARQ-ACK, one further term representing the starting point offset for resources corresponding to flexible subframes is needed as well.

Q5: Yes. The same rules should apply to all Format 1a/1b - based methods 

Q6: No. Existing resource allocation rules could be used as such



	Intel 
	Q4: Yes. PUCCH resource collision issue need to addressed to enable HARQ-ACK bundling scheme. Details see answers on Q6. 

Q5: Yes. One known problem is PUCCH resource collision between a legacy UE and a Rel-12 eIMTA-capable UE due to following different UL/DL configuration (i.e. SIB1 and DL-reference configuration) for HARQ-ACK feedback. We generally prefer a simple solution with least specification efforts. One solution could be considered is: Subframes present in “downlink associations set” of the SIB-1 configurations are mapped first according to the HARQ-ACK feedback mapping of the uplink reference configuration. Then, any remaining subframes in the “downlink association set” of the DL-reference configuration may then be mapped according to the existing procedure, but with an offset to the first mapping.

Q6: For the PUCCH format 3, the existing resource allocation scheme can be directly reused. In addition, RAN1 needs to discuss how to map the PUCCH resource for the fallback case (i.e. only one PDSCH with ‘DAI=1’ detected in DL subframe (e.g. flexible DL subframe) on PCell). If Q5 is addressed, we can directly use it for fallback case.

	Huawei, HiSilicon
	Q4/5: Yes. Since PUCCH resource collisions will happen between legacy UEs and eIMTA-enabled UEs when the SIB1-indicated UL-DL configuration and the configured DL reference configuration are different, enhancement for HARQ-ACK PUCCH resource allocation needs to considered. Furthermore, it should be avoided to reserve PUCCH resources for subframes which are used as UL subframes within the bundling window.
To handle these issues, higher layer signaling assisted PUCCH resource mapping can be considered to allocate HARQ-ACK PUCCH resource. For example, the parameters
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 can be configured by higher layer. According to the analysis in R1-135015, the higher layer signaling-assisted solution can not only avoid standardization impact for resource mapping rules, but also makes the PUCCH resource allocation more flexible.

Q6: No specification change is required on PUCCH resource allocation for PUCCH format 3.

	LG Electronics
	Q4/Q5: Yes. If eIMTA UEs use a DL-reference UL-DL configuration which is different with that of non-eIMTA UEs (or legacy UEs), there could be some implicit PUCCH resource collisions between eIMTA and non-eIMTA UEs (or legacy UEs). To resolve these implicit PUCCH resource collisions, the solutions described in R1-135967 (submitted in RAN1#75) can be considered. 

Q6: No. When an ARI for PUCCH format 3 resource indication is not available in eIMTA-enabled Pcell, the fallback operation with ‘PUCCH format 1a/1b’ or ‘PUCCH format 1b with channel selection’ should be supported. In this fallback operation, the above-mentioned method of resolving implicit PUCCH resource collisions (in Q4/Q5) can be also applied.

	NTT DOCOMO
	Q4/Q5: Yes. PUCCH resource allocation should be enhanced to avoid resource collision between legacy UE and eIMTA UE. Possible solution is to define shared resource region for common subframes and allow separate resource allocation for the remaining subframes. Also, the PUCCH resource allocation for eIMTA UE could follow its actual configuration other than the reference configuration.
Q6: No specification impact for PUCCH format 3 resource allocation.

	ALU/ASB
	Q4: Yes. For HARQ-ACK bundling, similar PUCCH resource collision issue as for PUCCH format 1bCS needs to be addressed. It this is to be specified, same approach should be used for both. We prefer not to further optimize the bundling window.

Q5: Yes. As discussed by the other companies, for PUCCH format 1b with channel selection, the PUCCH resource collision needs to be resolved between eIMTA and non-eIMTA UEs. A simple solution, such as reusing the mapping for the fixed subframes and defining a new region for the remaining flexible subframes, could be considered.

Q6: No specification impact is expected for PUCCH format 3 resource allocation.

	Mediatek
	Q4: Yes. Current implicit PUCCH resource allocation mechanism could cause PUCCH resource collision between eIMTA UE following DL-reference configuration and legacy UE following SIB1 configuration. Specification changes should be required to solve the collision.  A common PUCCH resource region should be shared by the two types of UE following different configurations for DL HARQ timing. For remaining PUCCH resource of eIMTA UE, explicit or implicit resource allocation could be applied.

Q5: Yes. Similar specification impacts in Q4 could be required for PUCCH format 1b with channel selection.

Q6: No. Current resource allocation mechanism for PUCCH format 3 could be reused. When PUCCH format 3 is fell back to PUCCH format 1a, 1b or 1b with CS under some special cases, similar resource allocation mechanism in Q4/Q5 could be applied.    

	Qualcomm 
	Q4: Yes. Specification is required to solve PUCCH resource collision issue. We prefer to allocate additional PUCCH resource region for the DL subframes that are not common in SIB1 and DL reference configuration for eIMTA UE. The block-interleaved mapping of Rel-8 can be used also for new PUCCH resource region. For common DL subframe within the bundling window, the eIMTA UEs share the same PUCCH resource allocation with the legacy UEs. 
Q5: Yes. The same rule as Q4 shall be applied for PUCCH format 1b with CS if implicit resource allocation is used.

Q6: No specification change is required for PUCCH format 3. For the fallback operation to format 1a/1b, the same rule as Q4 shall be applied.

	ITRI
	Q4/Q5: Yes. PUCCH resource collision issue should be solved. We prefer eIMTA UE to share PUCCH resource with legacy UE for the common DL subframes and allocating a separated PUCCH resource region for remaining DL subframes.
Q6: No. No specification change is required for PUCCH format 3. As for the fallback operation to PUCCH format 1a/1b, solutions discussed in Q4 could be applied.

	Fujitsu
	Q4/Q5: Yes. Specification features are needed to reduce/remove collisions in PUCCH resources in DL subframes which are different between SIB1 and the DL reference configuration(s) for eIMTA UEs. Two issues are to be resolved. One is which subframes can be used for PUCCH by eIMTA UEs, and then the details of which resources should be used for PUCCH within those subframes.

Q6: No. It has not been shown so far that specification change is needed.  

	Texas Instruments
	Q4: Yes, PUCCH resource collision needs to be addressed. The same solution can be used for all 1a/1b-based PUCCH schemes. We also agree that an additional PUCCH region can be defined to support DL subframes that are part of the association set for the DL-reference configuration but are not part of the association set for the SIB1 UL/DL configuration.

Q5: same solution as for Q4 for all 1a/1b-based PUCCH schemes.

Q6: If separate PUCCH regions are defined as described above for 1a/1b-based schemes there is no need to change the resource allocation for PUCCH Format 3. This is actually a merit of the two-part dynamic PUCCH region because the existing PUCCH Format 3 fallback rules from Rel-10 can be applied to the new 1a/1b-based solutions.

	Potevio
	For HARQ-ACK bundling, PUCCH format 1b with channel selection and fallback operation for PUCCH 3, there may be PUCCH format 1a/1b resource collision between legacy UE and eIMTA UE. To solve this issue, additional PUCCH format 1a/1b region and resource mapping should be defined for additional subframes for eIMTA UE, while for common subframes shared by legacy UE and eIMTA UE, legacy resource mapping can be reused. For PUCCH format 3 transmission, there is no specification change.


Summary:

· Specification impacts for HARQ-ACK bundling and PUCCH format 1b with channel selection
· Reuse the existing implicit PUCCH resource for subframes with same HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window
· CATT, NEC, ZTE, Ericsson, Samsung, Sharp, NSN/Nokia, Intel, LGE, DoCoMo, ALU/ASB, MediaTek, Qualcomm, ITRI, TI, Potevio. 
· A separate PUCCH region configured for eIMTA UEs
· Panasonic

· Higher layer signaling assisted PUCCH resource mapping

· Huawei/Hisilicon, 

· PUCCH resource allocation follows actual UL-DL configuration

· DoCoMo

· Determine the subframes can be used for PUCCH by eIMTA UEs and PUCCH resources within those subframes

· Fujitsu

· No spec change is needed

· ZTE (if overhead is not a concern)
· Specification impacts for PUCCH format 3

· PUCCH format 3 resource allocation
· CATT

· Fallback operation

· CATT, Samsung (in terms of PUCCH format 1a/1b resource determination in fall back operation), Intel (in terms of PUCCH format 1a/1b resource determination fall back operation)
· Multiplexing of P-CSI for both subframe sets in CA and DL HARQ reference configuration 5

· Samsung

· No spec impact

· NEC, Panasonic, ZTE, InterDigital, Sharp, NSN/Nokia, Huawei/Hisilicon, DoCoMo, ALU/ASB, Fujitsu,
· No spec impact other than fall back operation with respect to PUCCH format 1a/1b resource determination
· Ericsson, LGE, MediaTek, Qualcomm, ITRI, TI, Potevio
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