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1. Introduction
At the RAN1#82 meeting, introduction of new PUCCH format(s) was discussed and the following agreements were achieved [1].
	Agreements:
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
· FFS: A new PUCCH format including CDM
· FFS:PUSCH-like or PUCCH format 3(PF3) based structure
· FFS
· Multi-PRB PF3 using a single DFT-precoder
· Other format is not excluded
· Spreading factor 
· Spreading within or between SC-FDMA symbols
· Number of DMRS symbols
Agreement:
· The number of CRC for more than 22 HARQ-ACK/SR bits is 8 bits


In this contribution, we discuss the physical layer design aspects of the PUSCH-like new PUCCH format.
2. Physical layer design of the PUSCH-like new PUCCH format
2.1. DMRS design
At the RAN1#82 meeting, 1 DMRS per slot was a working assumption. So far, many evaluation results were presented regarding the number of DMRSs, and most of the results (e.g., [2-7]) showed that 1 DMRS per slot is better than 2 DMRSs per slot when the number of UCI bits is middle-to-large (such as more than 40-50 bits). Given the understanding that the advantage of 2 DMRS per slot over 1 DMRS per slot for smaller number of UCI information bits is not large (up to 0.5dB for more than 20 bits), 1 DMRS per slot for PUSCH-like new PUCCH format is acceptable.
The PUSCH-like PUCCH format does not support CDM. Therefore, DMRS design for the PUSCH-like new PUCCH format can be based on the existing DMRS either for PUSCH or for PUCCH. Since DMRS position is exactly same as that in PUSCH, it is natural to re-use DMRS design of PUSCH so that inter-cell interference randomization is achievable. Looking at the DMRS on PUSCH, higher-layer parameters (e.g., Group-hopping-enabled, Disable-sequence-group-hopping, 
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, SS) and a physical layer signalling (cyclic shift field in a UL grant) are used to generate it. How to generate the DMRS on PUSCH-like new PUCCH format should be considered further.

The higher-layer parameters Group-hopping-enabled, 
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, and SS, are cell-specific, and are useful to randomize uplink inter-cell interference. For PUSCH-like new PUCCH format, inter-cell interference randomization is desirable. Assuming the DMRS for PUSCH-like new PUCCH format is generated by using these parameters, the question is whether to introduce independent parameters for PUSCH-like new PUCCH format from PUSCH, or to apply the existing parameters. Basically, these parameters on a cell are determined by taking into account the configurations of surrounding cells. As long as the DMRS for PUSCH-like new PUCCH format has the same design with that for PUSCH, it would be sufficient to apply existing parameters to the DMRS on PUSCH-like new PUCCH format.
The higher-layer parameters Disable-sequence-group-hopping and activate-DMRS-with OCC for PUSCH are UE-specific and are able to support uplink MU-MIMO. In order to achieve possibility of uplink MU-MIMO between PUSCH-like new PUCCH format from two UEs or between PUSCH-like new PUCCH format and actual PUSCH, these parameters should be applicable to  the DMRS of PUSCH-like new PUCCH format. There is a situation where uplink MU-MIMO is desirable for PUSCH but not for PUSCH-like new PUCCH format. Therefore, these parameters for the DMRS of PUSCH-like new PUCCH format should be independent from those for the DMRS of PUSCH.

The higher-layer parameters 
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 are UE-specific and are able to support uplink CoMP based on the virtual cell ID concept. In Rel. 11, independent virtual cell IDs for PUCCH and PUSCH were supported. Therefore, these higher-layer parameters should be independent from those for the DMRS of PUSCH.

The cyclic shift field in DCI is not available for the PUSCH-like new PUCCH format since the PUCCH is transmitted without UL grant. Therefore, the value of the cyclic shift field for the DMRS on PUSCH-like new PUCCH format should be pre-defined, pre-configured, or indicated by DL assignment. Dynamic indication of cyclic shift value is useful, but introducing cyclic shift field in the DL assignment is too much. Probably, ARI-based indication would be reasonable; ARI indicates the combination of, e.g., {Starting PRB index of the PUSCH-like new PUCCH format, and 
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 for the PUSCH-like new PUCCH format should be configured by higher-layer beforehand.
Proposal 1:

· Confirm the working assumption that the PUSCH-like new PUCCH format has 1 DMRS per slot.
· DMRS design for the PUSCH-like new PUCCH format is based on the existing DMRS for PUSCH.

· Cell-specific parameters Group-hopping-enabled, 
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, and SS for DMRS on PUSCH-like new PUCCH format are common with those for DMRS on PUSCH.

· UE-specific parameters Disable-sequence-group-hopping and activate-DMRS-with OCC for DMRS on PUSCH-like new PUCCH format should be independently configurable from those for DMRS on PUSCH.

· UE-specific parameters 
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 for DMRS on PUSCH-like new PUCCH format should be independently configurable from those for DMRS on PUSCH.

· ARI indicates cyclic shift (
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) of DMRS on PUSCH-like new PUCCH format as well as its PUCCH resource index.
2.2. RE mapping
Assuming 1 DMRS per slot is agreed, required SINR performance is evaluated with different RE mapping schemes. 1 PRB or 2 PRBs is assumed, where the transmit power is set to equal irrespective of the number of PRBs. Then, the given number of UCI information bits followed by 8-bit CRC is encoded by Rel. 8 TBCC. The coded bit sequence is punctured or repeated such that it fits with the payload of the given PUCCH structure. The bit sequence is QPSK modulated and is mapped by one of following schemes (note: the QPSK symbol mapping is performed before DFT-spreading):
· Scheme 1: QPSK symbols are mapped over different REs (subcarriers) on the same SC-FDMA symbol first, and once it is fulfilled, the QPSK symbols are mapped on the next SC-FDMA symbol.
· Scheme 2: QPSK symbols are mapped over different SC-FDMA symbols on the same RE (subcarrier) first, and once it is fulfilled, the QPSK symbols are mapped on the next RE (subcarrier). 

As seen from Fig. 1, scheme 1 outperforms scheme 2 when the number of UCI bits is small. This is because the lack of channel interleaving effect in scheme 2. In this evaluation, the encoded bit sequence is just repeated/punctured. With scheme 2, for some specific numbers of UCI bits (e.g., 16 bits), the same part of the coded bit sequence is placed on either first slot or second slot. If one of the slots experiences deep fading, its impact cannot be resolved by channel coding. As such, scheme 2 degrades the performance with some particular numbers of UCI bits. On the other hand, in case of scheme 1, when the number of UCI bits is small, the repeated bit sequences are mapped to both slots. This ensures the gains of channel coding and frequency-diversity. When the number of UCI bits is large (e.g., 128~192), the performance difference becomes marginal. As such, it is safer to apply scheme 1 as RE mapping given the assumptions that coded bit sequence is repeated until all the REs are fulfilled, and that any other channel interleaver is not applied. Further investigation on channel interleaving can be considered, but the optimal interleaving method and its RE mapping would highly impacted by the number of coded UCI bits.
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Fig.1.
Impact of RE mapping to required SINR.
Proposal 2:

· Baseline RE mapping is as following:
· QPSK symbols are mapped over different REs (subcarriers) on the same SC-FDMA symbol first, and once it is fulfilled, the QPSK symbols are mapped on the next SC-FDMA symbol.
2.3. Frequency-hopping
It was FFS whether and when inter-slot frequency-hopping is applicable. As was evaluated before [2, 9], frequency-hopping is essential to ensure sufficient coverage. On the other hand, especially when multiple PRBs are configured for UEs to transmit the PUSCH-like new PUCCH format, frequency-hopping of the PUSCH-like new PUCCH format would make the UL resource management to be inefficient. Therefore, it is meaningful to have a configurability of frequency-hopping enabling/disabling. Since the exact design and the required performance of the PUSCH-like new PUCCH format are different from those of PUSCH, it should be configurable independently from the inter-slot frequency-hopping for PUSCH.
Proposal 3:

· Support configurability of inter-slot frequency-hopping for the PUSCH-like new PUCCH format.

2.4. Coding schemes
Below, coding schemes for the PUSCH-like new PUCCH format are discussed for HARQ-ACK(s)/SR only, P-CSI(s) only, and HARQ-ACK(s)/SR + P-CSI(s).
For HARQ-ACK(s)/SR only, 8-bit CRC + TBCC are used when the PUSCH-like new PUCCH format (and when another new PUCCH format with CDM [8]) is used. There was a discussion from how many HARQ-ACK(s)/SR bits the 8-bit CRC + TBCC are used. In order to make the eNB detection algorithm simpler, it is beneficial to use the same coding scheme for the new PUCCH format irrespective of the number of HARQ-ACK(s)/SR bits. RM coding or dual RM coding is used when the PUCCH format 3 is used. Then, how/when a UE selects PUCCH format for HARQ-ACK(s)/SR feedback should be discussed in the context of dynamic PUCCH format adaptation and/or dynamic HARQ-ACK codebook adaptation [10].
For P-CSI(s) only, existing encoding schemes can simply be used, e.g.:

Option 1: (32, O) RM coding is used when the payload is equal to or less than 11 bits, and/or 8-bit CRC + TBCC are used when the payload is greater than 11 bits. 
Option 2: 8-bit CRC + TBCC are used for any number of P-CSI bits, given the assumption that the PUSCH-like new PUCCH format is used only for multi-cell P-CSIs.
For HARQ-ACK(s)/SR + P-CSI(s), separate coding should be investigated further as the baseline. Since it was agreed in RAN1#82 that HARQ-ACK codebook size is dynamically determined, the number of HARQ-ACK(s)/SR bits could vary subframe-by-subframe. Payload of P-CSIs could also be varied according to higher-layer configurations and the subframe index. The coding rate of one UCI is determined by (the number of UCI information bits) / (the number of REs for the UCI). By introducing separate coding and independent RE allocation, it is possible to keep the coding rate of HARQ-ACK(s)/SR low, even when the number of P-CSI(s) bits is large. Basic principle is that the HARQ-ACK(s)/SR shall not be dropped, while P-CSI(s) can be dropped when a certain condition is met. The condition is something like: (1) When the number of P-CSI(s) or the number of P-CSI bits exceeds a certain value, (2) When the number of ‘coded’ P-CSI bits exceeds a certain value, or (3) When the coding rate of P-CSI exceeds a certain value.
Proposal 3:
· For HARQ-ACK(s)/SR only,

· 8-bit CRC + Rel. 8 TBCC are applied when the PUSCH-like new PUCCH format (or another new PUCCH format including CDM) is used.

· RM/dual RM coding is applied when the PUCCH format 3 is used for HARQ-ACK feedback.

· If dynamic PUCCH format adaptation is supported, the coding scheme is determined based on which PUCCH format is used.

· For P-CSI(s) only,

· Option 1: if P-CSI(s) with the payload being equal to or less than 11 bits is supported by the PUSCH-like PUCCH format, (32, O) RM coding is used, otherwise 8-bit CRC and Rel. 8 TBCC are applied.
· Option 2: Regardless of the payload, 8-bit CRC and Rel. 8 TBCC are applied.
· For HARQ-ACK(s)/SR + P-CSI(s),

· The two UCIs are separately encoded. The coding schemes for the two UCIs are the same as the case when each UCI only is transmitted.
· P-CSI(s) can be dropped when the P-CSI(s) cannot satisfy a certain condition.

Assuming separate coding scheme is introduced for HARQ-ACK(s)/SR and P-CSI(s), how to split/allocate REs of a PUCCH to the UCIs will be the next open issue. We evaluate following two types of limited RE allocation with focusing on HARQ-ACK(s)/SR, assuming that the HARQ-ACK(s)/SR is separately encoded from P-CSI(s).
· Type 1: REs are limited within a SC-FDMA symbol, i.e., different UCIs are assumed to be multiplexed within the same SC-FDMA symbol.
· Type 2: REs are limited in particular SC-FDMA symbols but not limited within a SC-FDMA symbol, i.e., different UCIs are assumed to be multiplexed between different SC-FDMA symbols.

1PRB and 2PRBs are assumed. Then, following three different limitation values are evaluated.
· Case 1: 2/3 of the PUCCH payload is available for HARQ-ACK(s)/SR.

· Maximum payload of HARQ-ACK(s)/SR for one UE is 192 bits per PRB.

· Case 2: 1/2 of the PUCCH payload is available for HARQ-ACK(s)/SR.

· Maximum payload of HARQ-ACK(s)/SR for one UE is 144 bits per PRB.

· Case 3: 1/3 of the PUCCH payload is available for HARQ-ACK(s)/SR.

· Maximum payload of HARQ-ACK(s)/SR for one UE is 96 bits per PRB.
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(a) Type 1 in case 1




(b) Type 2 in case 1
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(c) Type 1 in case 2




(d) Type 2 in case 2
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(e) Type 1 in case 3




(f) Type 2 in case 3

Fig. 2.
RE split/allocation for separate coding (2 PRBs is illustrated).
In Fig. 3, required SINR assuming HARQ-ACK(s)/SR above is plotted as a function of the number of HARQ-ACK(s)/SR bits. EPA5 channel is assumed. Based on the evaluation in section 2.2, frequency-first mapping is applied for all the evaluation results. The coded bit sequence is repeated/punctured such that it fits with the given limited PUCCH payload. Transmit power is set such that the power spectrum density of the transmit signal is equal (i.e., transmit power of the cases with 1 PRB and 2 PRBs are not equal). From the results, it can be said that the required SINR performance would not be so much impacted by the RE split/limitation types under the evaluated channel condition. For all the three cases, as the number of UCI bits increases, the required SINR becomes high. However, by allocating larger number of REs, performance degradation due to large number of UCI bits can be alleviated. This result may impact to the specifications related to RE split/allocation, TPC offset value, limitation on the P-CSI payload, etc, for the case of HARQ-ACK(s)/SR + P-CSI in one PUCCH.
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Fig. 3.
Required SINR for different types of RE split/limitation and different available ratios for the UCI.
Proposal 5:

· For HARQ-ACK(s)/SR + P-CSI(s),

· RE split/allocation, TPC offset values, and limitation of P-CSI payload should be further investigated based on the separate coding.

3. Conclusion
In this contribution, we describe our views on the physical layer design aspects of PUSCH-like new PUCCH format and propose the following.
Proposal 1:

· Confirm the working assumption that the PUSCH-like new PUCCH format has 1 DMRS per slot.
· DMRS design for the PUSCH-like new PUCCH format is based on the existing DMRS for PUSCH.

· Cell-specific parameters Group-hopping-enabled, 
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· UE-specific parameters Disable-sequence-group-hopping and activate-DMRS-with OCC for DMRS on PUSCH-like new PUCCH format should be independently configurable from those for DMRS on PUSCH.

· UE-specific parameters 
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 for DMRS on PUSCH-like new PUCCH format should be independently configurable from those for DMRS on PUSCH.

· ARI indicates cyclic shift (
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Proposal 2:

· Baseline RE mapping is as following:

· QPSK symbols are mapped over different REs (subcarriers) on the same SC-FDMA symbol first, and once it is fulfilled, the QPSK symbols are mapped on the next SC-FDMA symbol.
Proposal 3:

· Support configurability of inter-slot frequency-hopping for the PUSCH-like new PUCCH format.

Proposal 4:

· For HARQ-ACK(s)/SR only,

· 8-bit CRC + Rel. 8 TBCC are applied when the PUSCH-like new PUCCH format (or another new PUCCH format including CDM) is used.

· RM/dual RM coding is applied when the PUCCH format 3 is used for HARQ-ACK feedback.

· If dynamic PUCCH format adaptation is supported, the coding scheme is determined based on which PUCCH format is used.

· For P-CSI(s) only,

· Option 1: if P-CSI(s) with the payload being equal to or less than 11 bits is supported by the PUSCH-like PUCCH format, (32, O) RM coding is used, otherwise 8-bit CRC and Rel. 8 TBCC are applied.

· Option 2: Regardless of the payload, 8-bit CRC and Rel. 8 TBCC are applied.
· For HARQ-ACK(s)/SR + P-CSI(s),

· The two UCIs are separately encoded. The coding schemes for the two UCIs are the same as the case when each UCI only is transmitted.
· P-CSI(s) can be dropped when the P-CSI(s) cannot satisfy a certain condition.

Proposal 5:

· For HARQ-ACK(s)/SR + P-CSI(s),

· RE split/allocation, TPC offset values, and limitation of P-CSI payload should be further investigated based on the separate coding.
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