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1
Introduction

In the March 2012 RAN1#68bis meeting, R11 support for multi-cell P-CSI multiplexing with AN using existing UL channel formats was agreed. Furthermore, the possibility to configure a UE that supports PUCCH F3 for simultaneous transmission of multi-cell AN, SR and (single cell) P-CSI multiplexing was agreed. For a UE configured with PUCCH F1b CS, simultaneous transmission of multi-cell AN and (single cell) P-CSI using PUCCH F2 was left FFS.
In this contribution, we present our views on the need to support multiplexing a single-cell P-CSI when a UE is configured to use PUCCH F1b CS in support of DL CA. We discuss performance considerations relevant to the use of AN bits multiplexed onto the PUCCH F2. We show that introducing support for such a single-cell P-CSI and AN multiplexing scheme using the already existing R10 channel formats and procedures for PUCCH F1b CS and PUCCH F2 would result in only minimal specification impact in R11.
In a companion contribution [1], we separately discuss design considerations and specification impact on the support of single cell P-CSI and AN multiplexing when a UE is configured to use PUCCH F3.
2
On the need to support simultaneous transmission of P-CSI and AN for the 2 DL CC case
R8 LTE in principle allows for simultaneous reporting of (single cell) P-CSI and AN using PUCCH F2 when configured through the RRC parameter setting simultaneousAckNackAndCQI. In practice however, the possibility to use the PUCCH F2A/B is to some extent limited by the available UL geometry in the PUCCH region due to the comparatively high required operating SINR for the PUCCH F2 transmission format to meet the A/N/DTX error requirements. Also, in R8 the maximum CSI payload admissible for multiplexing onto the PUCCH F2 cannot be directly controlled by the eNB, i.e. other than through the payload given as a function of the semi-statically configured PUCCH reporting mode.
R10 LTE, simultaneous reporting of single cell P-CSI multiplexed with multi cell AN is not supported for either PUCCH F2b CS (2 CC case with FS1) or PUCCH F3 (3 CC or more case with FS1) when more than 1 DL serving cell is scheduled. An exception is the case where only the PCell is scheduled for the UE, because the UE will follow R8 behavior.
Evaluation results such as in [2] showing DL throughput losses resulting from P-CSI collisions even in presence of A-CSI reporting have been presented in multiple contributions for a wide range of assumptions, i.e. from 2 up to nominally 5 CC’s, and both for low and medium Doppler environments.

While RF capabilities are handled in a release-independent manner, a significant portion of LTE carrier-aggregation capable equipment can be expected to support aggregation of 2 DL CC’s only. Therefore, when considering optimized support in R11 for simultaneous transmission of single cell P-CSI and multi cell AN for carrier-aggregation capable equipment, it is very desirable to introduce support both for UE’s which do not implement the R10 PUCCH F3 and for those that do. This seems in particular important in order to maintain the principle of independence of DL scheduling performance and UL feedback channel performance for carrier-aggregation capable equipment to the extent possible.
We note that supporting simultaneous transmission of single-cell P-CSI and multi-cell AN through PUCCH F2 when a UE is configured to use PUCCH F1b / CS in TDD (FS2) will represent different challenges when compared to FDD (FS1).
For FS2, already with a bundling window size of 2, both spatial and time-domain bundling would become necessary in order to support AN and P-CSI multiplexing. For frame configurations where the bundling window size is increased to 4, it may simply be considered out of reach to multiplex P-CSI and AN due to the number of AN bits. Similarly, proper handling of the A/N/DTX error detection and possible error cases would be required even in case the AN payload can be supported. This indicates that different performance and design considerations apply when comparing the TDD to the FDD case, and that there can’t be a single low-complexity solution that encompasses all different TDD configurations.
Proposal 1
For a carrier-aggregation capable UE not supporting PUCCH F3, simultaneous transmission of multi-cell AN and single cell P-CSI is supported by means of PUCCH F2 for the case of FS1 (FDD).
3
Design considerations and specification impacts
3.1 Link-level performance and AN + CSI multiplexing scheme
For the case of normal CP, there are 2 RS per timeslot. RM (20, A) is used to encode the CSI payload of A (<=10) bits. Either 1 or 2 AN bits can be transmitted simultaneously with CSI using PUCCH F2A/B. The resulting HARQ AN QPSK symbol is used to modulate the 2nd RS in each timeslot. While coherent channel detection using the available un-modulated RS may be sufficient in low-Doppler environments, ML based channel estimation usually performs better, in particular in medium to high Doppler environments.
For the extended CP case, only 1 RS is available per timeslot. AN bits and CSI bits are jointly coded using the RM (20, AAN + ACSI) block code in the PUCCH F2.

For non-power limited UL operating scenarios, it is in principle possible to consider the use of concurrent PUCCH transmissions in a subframe, i.e. PUCCH F1B / CS for sending AN while simultaneously sending PUCCH F2 carrying CSI.
For the power-limited general case where only a single PUCCH is transmitted by the UE in a subframe, the R8 PUCCH F2B multiplexing format can be re-used “as is” in case that only 2 AN bits need to be transmitted by the UE.
When 4 A/N bits need to be supported for the 2 DL CC case, two multiplexing approaches could be considered, spatial bundling of AN bits, or either partial or full joint coding of AN and CSI bits. Partial joint coding corresponds to the case where 2 AN bits are encoded together with the CSI payload using RM, while RS modulation is used for the remaining 2 AN bits. Full joint coding would encode 4 AN bits together with the CSI bits using the RM block code.
The much worse performance of the joint coding approach when compared to the R8 approach of RS modulation (Appendix, Figure 1) has already been observed in the context of R8 design. In this sense, maintaining the R8 principle to modulate up to 2 AN bits onto the 2nd RS in a timeslot is the logical choice.
Applying spatial bundling to map the 2 A/N bits from the PCell onto b0, and the 2 A/N bits from the SCell onto b1 allows to re-use the R8 PUCCH F2B “as is” while maintaining R8 UL performance.
The configured DL transmission modes on the PCell and the SCell respectively will determine whether the UE applies spatial bundling to the AN bits corresponding to the received PCell and SCell DL assignments in order to map these to the {b0, b1} AN symbol modulating the 2nd RS in a timeslot. For the eNB, the mapping is un-ambiguous in the sense that it wouldn’t need to deal with AN bit mapping issues that lead R10 design to adopt the principle of PUCCH F3 slow codebook adaptation.
Given that the observed link-level performance for R8 PUCCH F2B when comparing some 4-5 CSI bits versus 10 CSI bits is in the order of at least 3dB, it is desirable that the maximum admissible CSI payload for a PUCCH F2B transmission can be controlled by the eNB. In case the RRC configured maximum allowed CSI payload is less than the number of CSI bits generated in a subframe reporting instance, truncation of the least significant bits can be used.
Proposal 2:

For simultaneous transmission multi-cell AN and single-cell P-CSI with Normal CP, the existing R8 PUCCH F2B transmission format is used. Spatial bundling is used to first map PCell AN onto b0 and SCell AN onto b1 prior to RS modulation.
Proposal 3:
For simultaneous transmission of multi-cell AN and single cell P-CSI using PUCCH F2B, the maximum allowed P-CSI payload is independently RRC configured from the R8 RRC parameter setting simultaneousAckNackAndCQI. Truncation of the least significant bits of the CSI report is used in case the RRC configured allowed payload is smaller than the number of CSI bits in a subframe.
3.2 PUCCH resource allocation

In R8, a PUCCH F2 resource is semi-statically configured by RRC for a UE using a single PUCCH resource index that indicates both the PUCCH region and the cyclic time shift to be used. The R10 PUCCH F1b / CS resource indices in a subframe are mostly derived implicitly. For example, for dynamic grants on PCell and SCell not using cross-carrier indication, one implicit PUCCH resource is derived from the starting CCE and the RRC signaled n(1)PUCCH index and then one explicit PUCCH resource is indicated through ARI when in TM 1, 2, 5, 6 and 7. For TM 3, 4, 8 or 9, a second implicit PUCCH resource would be derived from the starting CCE+1 on the PCell DL assignment, and the SCell ARI would indicate two explicit RRC pre-configured PUCCH resources.
When supporting simultaneous transmission of single cell P-CSI and multi-cell AN in a subframe, the required PUCCH F2B resource can simply correspond to the RRC configured PUCCH index n(2)PUCCH. Similar to R8, the corresponding UL transmission would map to the edge RB’s corresponding to PUCCH region 2 allocation in the subframe.
It may be worthwhile to consider extending this explicit semi-statically RRC configured PUCCH F2 resource allocation mechanism by means of the R10 ARI. Given that the ARI on a received SCell DL assignment DCI is already available, it may come at little incremental cost to extent the RRC pre-configuration to 4 pre-configured n(2)PUCCH indices, and to determine the actually used PUCCH F2B resource in a given subframe as a function of the signaled ARI to allow for improved multiplexing efficiency on the PUCCH region 2 similar to the approach taken for PUCCH F3.
Proposal 4:
The PUCCH F2B resource index is determined from the RRC configured PUCCH index n(2)PUCCH. The use of ARI from SCell DL assignments as dynamic allocation mechanism in conjunction with up to 4 pre-configured RRC resource indices is FFS.
3.3 UL Tx power control

In R10, the UE determines PUCCH Tx power settings according to the configured desired Rx power level, its estimated DL pathloss, transmission / payload format-specific offsets and the closed-loop component.
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The parameter ΔF_PUCCH(F)is provided by RRC. Its value corresponds to a transmission format-dependent power offset compared to the baseline PUCCH F1A. h(nCQI, nHARQ, nSR) scales according to the number of CQI bits part of the payload in case of normal CP (and accounts for the presence of jointly coded AN bits in case of extended CP),
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It becomes clear that no immediate change to the range and scaling approach used for R10 UL Tx power control in the format-specific offsets is necessary as long as the baseline R8 PUCCH F2B is re-used with spatial bundling of PCell and SCell AN bits.
3.4 Other design considerations (Extended CP, UL Tx Diversity, PUCCH F3)
Several more factors must be considered in order to a consistent set of R11 specifications impacts. These include questions such as supporting Extended CP and UL Tx Diversity, and also what approach to take when the UE actually supports PUCCH F3 (while not configured by the eNB to use it).
Regarding support of simultaneous AN and single P-CSI transmission for Extended CP, it appears not a big penalty to fully specify such a mode of operation by re-use of the PUCCH F2 “as is” under the assumption of spatial bundling of PCell and SCell AN respectively. However, we do not foresee any immediate usefulness given the very unfavorable required operating SINR’s penalizing this mode of operation already in R8.
Like in R10 , UL Tx Diversity can already be supported through SORTD for the case of simultaneous AN+P-CSI transmissions using the PUCCH F2B, and no specification impacts are foreseen.

In case that a UE supports PUCCH F3 while not configured by the eNB to use it, it is warranted to consider the question whether it is more advantageous to benefit from the better link-level performance of PUCCH F3 when compared to PUCCH F2 in particular for higher CSI payloads of order 6-10 bits. We think that if such a possibility is introduced, it should clearly be RRC configured, i.e. not subject to dynamic allocation rules.
Proposal 5
For simultaneous transmission multi-cell AN and single-cell P-CSI with Extended CP, the existing R8 PUCCH F2 transmission format is used. Spatial bundling for PCell and SCell AN bits is used prior to joint coding.
Proposal 6
For simultaneous transmission of multi cell AN and single cell P-CSI with PUCCH F2B, R10 Tx Diversity is supported.

Proposal 7
It is FFS whether a UE supporting PUCCH F3 but configured by the eNB to use PUCCH F1B CS can support simultaneous AN+P-CSI reporting using PUCCH F3.

4.
Conclusions and Recommendations

In this contribution, we presented our views on the need to support multiplexing a single-cell P-CSI when a UE is configured to use PUCCH F1b CS in support of DL CA.
We recommend to support multi cell AN and single cell P-CSI DL with PUCCH F1B / CS only for the FDD case. We propose to re-use the existing R8 PUCCH F2B multiplexing approach using the principle of RS modulation of up to 2 AN bits in conjunction with spatial bundling to PCell and SCell AN bits.
We deem it is desirable that the maximum admissible CSI payload for a PUCCH FB transmission can be controlled by the eNB. In case the RRC configured maximum allowed CSI payload is less than the number of CSI bits generated in a subframe reporting instance, truncation of the least significant bits can be used.
We discussed PUCCH resource allocation principles and the format-specific offsets for PUCCH Tx power control. For both, we deem that existing R10 mechanisms are sufficient. However, it may be worthwhile to consider extending the R8 PUCCH F2 semi-static RRC single-index configuration by re-use of the R10 ARI (similar to the approach taken in R10 PUCCH F3).
In summary, we propose the following:
Proposal 1

For a carrier-aggregation capable UE not supporting PUCCH F3, simultaneous transmission of multi-cell AN and single cell P-CSI is supported by means of PUCCH F2 for the case of FS1 (FDD).
Proposal 2:

For simultaneous transmission multi-cell AN and single-cell P-CSI with Normal CP, the existing R8 PUCCH F2B transmission format is used. Spatial bundling is used to first map PCell AN onto b0 and SCell AN onto b1 prior to RS modulation.
Proposal 3:
For simultaneous transmission of multi-cell AN and single cell P-CSI using PUCCH F2B, the maximum allowed P-CSI payload is independently RRC configured from the R8 RRC parameter setting simultaneousAckNackAndCQI. Truncation of the least significant bits of the CSI report is used in case the RRC configured allowed payload is smaller than the number of CSI bits in a subframe.

Proposal 4:
The PUCCH F2B resource index is determined from the RRC configured PUCCH index n(2)PUCCH. The use of ARI from SCell DL assignments as dynamic allocation mechanism in conjunction with up to 4 pre-configured RRC resource indices is FFS.
Proposal 5
For simultaneous transmission multi-cell AN and single-cell P-CSI with Extended CP, the existing R8 PUCCH F2 transmission format is used. Spatial bundling for PCell and SCell AN bits is used prior to joint coding.
Proposal 6
For simultaneous transmission of multi cell AN and single cell P-CSI with PUCCH F2B, R10 Tx Diversity is supported.

Proposal 7
It is FFS whether a UE supporting PUCCH F3 but configured by the eNB to use PUCCH F1B CS can support simultaneous AN+P-CSI reporting using PUCCH F3.
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Figure 1: PUCCH F2A/B link-level performance for joint coding of AN+CSI bits versus R8 RS modulation
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