3GPP TSG RAN WG1 Meeting #83






R1-157227
Anaheim, USA, 15th – 22nd November 2015
Source:
NTT DOCOMO, INC.
Title:
Remaining details on the new PUCCH formats
Agenda Item:
6.2.2.1.1
Document for: 
Discussion and Decision

1. Introduction
At the RAN1#82bis meeting, RAN1 agreed to support two new PUCCH formats (PUCCH format 4 and PUCCH format 5) for Rel. 13 CA [1]. These new PUCCH formats have the following characteristics.
	· Common for both PUCCH formats:

· 1 DMRS per slot

· Inter-slot frequency-hopping is always applied

· Shortened PUCCH format is supported

· For HARQ-ACK, 4 PUCCH resources are configured, and one of them is indicated by 2-bit ARI

· For PUCCH format 4,

· PUCCH resource is defined as a combination of {Starting PRB index, and Number of PRBs}

· For PUCCH format 5,
· PUCCH resource is defined as a combination of {PRB index, and CDM index}


In this contribution, remaining details of PUCCH format designs are discussed. Note that in the following, PUCCH format 4 and PUCCH format 5 are discussed altogether unless otherwise stated since the designs of these two formats are quite similar.
2. Remaining details of PUCCH format designs
2.1. Channel coding
So far, it was agreed to apply 8-bit CRC and Rel. 8 TBCC for the new PUCCH formats with more than 22 HARQ-ACK/SR bits. However, channel coding schemes for the following cases are not decided yet.
· Less than 23 HARQ-ACK/SR bits (if PUCCH format 4 and/or 5 is used for this range)

· Multi-cell P-CSI transmission (at least PUCCH format 4, FFS: PUCCH format 5 and format 3)

· HARQ-ACK/SR and multi-cell P-CSI (at least PUCCH format 4, FFS: PUCCH format 5 and format 3)

We believe that the new PUCCH formats are introduced to support large payload of UCI and hence, it is not necessary to optimize them for smaller UCI payloads. Furthermore, it was agreed to apply joint coding for the case when HARQ-ACK/SR and multi-cell P-CSI are multiplexed on one PUCCH. From these perspectives, in case of PUCCH format 4 and PUCCH format 5, 8-bit CRC and Rel. 8 TBCC can simply be applied for any number of UCI bits for any combinations of UCIs. This simplifies eNB implementation of detection algorithms for PUCCH format 4 and PUCCH format 5. Note that for which number of UCI bits the PUCCH format 4 or 5 is applicable to is a separate topic.
It is still FFS whether PUCCH format 3 can be used to support multi-cell P-CSI transmission. Even if this is supported, the channel coding schemes of PUCCH format 3 should be the same as in Rel. 12, since the supportable payload of PUCCH format 3 is not large and therefore 8-bit CRC will be non-negligible overhead.
Proposal 1:

· For the new PUCCH formats, 8-bit CRC and Rel. 8 TBCC are applied for any number of UCI bits.

· For PUCCH format 3, RM coding is applied for up to 11 UCI bits, and dual RM coding is applied for 12~22 UCI bits.

2.2. Coded bits-to-RE mapping
There are two approaches in general; (1) frequency-first and time-second mapping, and (2) time-first and frequency-second mapping. Some preliminary evaluations have shown that the frequency-first and time-second mapping offers better performance [2-4]. For the PUSCH transmission, time-first and frequency-second mapping (i.e., PUSCH channel interleaver) was introduced to make sure that all the code-blocks are mapped to both slots so that all of them achieve frequency-diversity gain from the inter-slot frequency hopping. Considering that more than one code word is not included in one PUCCH and the code word is repeated until all the available REs are occupied, such handling is not necessary. 
It was pointed out in RAN1#82bis that applying time-first and frequency-second mapping would be helpful to simplify UE implementation since it is the same procedure as for the PUSCH transmission. However, the new PUCCH format 4 and 5 are totally different from PUSCH. Therefore, new UE implementations would anyway be necessary. As such, no reason is identified to apply time-first and frequency-second mapping.

Proposal 2:

· For the new PUCCH formats, coded bits are modulated and mapped to available REs with a frequency-first and time-second order.

· The modulated symbols are repeated until all the available REs are fulfilled.
2.3. Shortened PUCCH format
For HARQ-ACK/SR transmission using the legacy PUCCH formats, whether the UE transmits shortened PUCCH format is configured by higher layer signalling ackNackSRS-SimultaneousTransmission. If the signalling indicates TRUE, the UE shall transmit shortened PUCCH format when the primary cell is cell-specific SRS subframe regardless of whether the UE has SRS transmission in the primary cell. This UE-common shortened PUCCH transmission ensures OCC orthogonality among UEs on the same PRB. 
However, for the new PUCCH formats, OCC over SC-FDMA symbols is no longer used. Therefore, shortened PUCCH transmission can be UE-specific. When to transmit shortened PUCCH format can be based on the existing specifications for PUSCH. This reduces the possibility of shortened PUCCH transmission, which offers lower code rate of the UCI.
Note that for the legacy PUCCH formats, shortened PUCCH transmission is not mandated and can be selected based on the network preference using the signalling ackNackSRS-SimultaneousTransmission. The same rule can be applied to the new PUCCH formats; if the signalling ackNackSRS-SimultaneousTransmission is FALSE, the UE shall transmit normal PUCCH and drop SRS.
Proposal 3:

· For the new PUCCH formats, UE determines whether to transmit shortened PUCCH format based on the common parameter ackNackSRS-SimultaneousTransmission.
· If the parameter is TRUE,

· UE shall transmit shortened PUCCH format, 
· if the UE has SRS transmission in the same PUCCH cell in the same subframe, or

· if the PUCCH transmission partly or fully overlaps with the cell-specific SRS bandwidth, or

· if the UE has possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, or
· if the UE has possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs

· If the parameter is FALSE,

· UE shall transmit normal PUCCH format.

· If SRS transmission occurs in the same serving cell in the same subframe, the UE shall drop the SRS.
2.4. Power-control
In RAN1#82bis, whether to use PUSCH-based or PUCCH-based power-control formula was extensively discussed for the new PUCCH formats. In the following, we investigated whether the PUSCH-based power-control formula also fits with the required SINR curves. TF + offset is plotted as a reference curve for each PUCCH configuration, where the TF is given by the following equation.
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where Ks = 1.25 and BPRE is calculated accodding the following table.
	
	
	BPRE

	1 PRB PF4
	Normal
	(number of UCI bits + 8) / 144

	
	Shortened
	(number of UCI bits + 8) / 132

	2 PRB PF4
	Normal
	(number of UCI bits + 8) / 288

	
	Shortened
	(number of UCI bits + 8) / 264

	PF5
	Normal
	(number of UCI bits + 8) / 72

	
	Shortened
	(number of UCI bits + 8) / 64


In the results, the value of offset is set to 6 and 4 for PUCCH format 4 and PUCCH format 5, respectively. It can be seen that except for some specific cases with higher coding rates (e.g., 128 UCI bits on 1 PRB shortened PUCCH format 4, 64 UCI bits on shortened PUCCH format 5), the reference curves fit well with the simulation results. 
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(a) Normal PUCCH format 4



(b) Shortened PUCCH format 4
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(c) Normal PUCCH format 5



(d) Shortened PUCCH format 5
Fig. 1
Required SINR as a function of number of UCI bits.
In case of PUCCH-based power-control formula, by defining appropriate h-function the transmit power can be adjusted. In [5], an h-function that fits well with simulation results is proposed. As such, either power-control formula could basically work for the PUCCH format 4 and 5, at least without taking into account multiple PRBs for PUCCH format 4.
For PUCCH format 4, various numbers of PRBs can be configured as part of PUCCH resource information. For a given number of UCI bits, UE may transmit different number of PRBs based on the ARI indication. In Fig. 2, reference curves based on TF and simulation results with PUCCH format 4 using 2 PRBs are plotted. For the simulation results, power spectrum density of the transmit signal is kept between 1 PRB and 2 PRBs (i.e., 3 dB power boost for the case with 2 PRBs). In order to take this into account, 3dB is added to the offset value for reference curves of 2 PRBs. As can be observed from the results, if we fit the curve for 1 PRB, the simulation results with 2 PRBs does not fit with the reference curves. It can be estimated that the deviation between the simulation results and reference curves becomes large as the number of PRBs increases. 
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(a) Normal PUCCH format 4



(b) Shortened PUCCH format 4

Fig. 2  Required SINR as a function of number of UCI bits.

In summary, TF or h-function could be a good power fitting curve for PUCCH format 4 and PUCCH format 5, but whether it is necessary to have any extra handling of PUCCH format 4 with multi PRBs should be concluded in RAN1. 
Proposal 4:

· Either PUSCH-based or PUCCH-based power control formula can be used.
· RAN1 should conclude whether current power offset for multiple PRBs (10log10(MPRB)) is sufficient or not.

2.5. Maximum payloads of PUCCH format 4 and PUCCH format 5
Finally, maximum supportable payloads of PUCCH format 4 and PUCCH format 5 are discussed. PUCCH format 5 can contain up to 144 and 132 coded bits in normal format and shortened format, respectively. From the simulation results (e.g., Fig. 1 (c) and (d)), PUCCH format 5 could support up to 64 UCI bits with a reasonable required SINR, in which case the coding rates are (64+8)/144 = 0.5 and (64+8)/132 = 0.55. Note that for a given number of UCI bits, required SINR for PUCCH format 4 is lower than PUCCH format 5. It is up to eNB whether to configure PUCCH format 5 to achieve lower UL overhead or to configure PUCCH format 4 to achieve better BLER performance.
PUCCH format 4 can contain up to 288 and 264 coded bits per PRB in normal format and shortened format, respectively. Similarly to PUCCH format 5, from the simulation results, it is observed that PUCCH format 4 with 1 PRB could support up to 128 UCI bits with a reasonable SINR, in which case the coding rates are (128+8)/288 = 0.47 and (128+8)/264 = 0.52. Note that for a given number of UCI bits, required SINR for PUCCH format 4 with larger number of PRBs is always lower than that with smaller number of PRBs. It is up to eNB whether to configure PUCCH format 4 with smaller number of PRBs to achieve lower UL overhead or to configure PUCCH format 4 with larger number of PRBs to achieve better BLER performance. 

Note that the maximum number of coded bits that can be contained on one PUCCH format 4 would be 288 (bits per PRB) * 9 (PRBs) = 2592 bits. Assuming 638 HARQ-ACK bits + 1 SR bit + 352 CSI bits, the resulting maximum coding rate for the largest PUCCH format 4 resource is 991/2592 = 0.38; any payload of UCI for Rel. 13 CA is supportable by PUCCH format 4 as long as it is not power-limited.
Proposal 5:

· Maximum supportable payload of PUCCH format 4 is 128 UCI bits per PRB.

· Maximum supportable payload of PUCCH format 5 is 64 UCI bits.

3. Conclusion
In this contribution we discussed remaining aspects of new PUCCH format designs and proposes following.
Proposal 1:

· For the new PUCCH formats, 8-bit CRC and Rel. 8 TBCC are applied for any number of UCI bits.

· For PUCCH format 3, RM coding is applied for up to 11 UCI bits, and dual RM coding is applied for 12~22 UCI bits.

Proposal 2:

· For the new PUCCH formats, coded bits are modulated and mapped to available REs with a frequency-first and time-second order.

· The modulated symbols are repeated until all the available REs are fulfilled.
Proposal 3:

· For the new PUCCH formats, UE determines whether to transmit shortened PUCCH format based on the common parameter ackNackSRS-SimultaneousTransmission.

· If the parameter is TRUE,

· UE shall transmit shortened PUCCH format, 
· if the UE has SRS transmission in the same PUCCH cell in the same subframe, or

· if the PUCCH transmission partly or fully overlaps with the cell-specific SRS bandwidth, or

· if the UE has possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, or

· if the UE has possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs

· If the parameter is FALSE,

· UE shall transmit normal PUCCH format.

· If SRS transmission occurs in the same serving cell in the same subframe, the UE shall drop the SRS.
Proposal 4:

· Either PUSCH-based or PUCCH-based power control formula can be used.

· RAN1 should conclude whether current power offset for multiple PRBs (10log10(MPRB)) is sufficient or not.

Proposal 5:

· Maximum supportable payload of PUCCH format 4 is 128 UCI bits per PRB.

· Maximum supportable payload of PUCCH format 5 is 64 UCI bits.
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