3GPP TSG-RAN WG1 #61

R1-102781
Montreal, Canada
May 10-14, 2010
Agenda Item:
6.2.4.1
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
PUCCH A/N channel design in LTE-A
Document for:
Discussion / decision
1 Introduction 
At RAN1#60, ACK/NACK multiplexing schemes for CA were discussed. The following issues were raised, as recorded in the Chairman’s notes for further discussion:
· How many simultaneous PUCCH signals?

· PUCCH format 1b with SF reduction to 2 or 1

· Channel selection, e.g. with:

· extended to support 5 CCs

· used in conjunction with another scheme for the 5th CC

· with spatial bundling for dual codeword case

· PUCCH format 2 

· New PUCCH signal/format (e.g. DFT-S-OFDM based) 

· A/N bundling within / across CCs

· Also consider TDD

E-mail discussion is on-going for further down-selection of A/N multiplexing schemes while supporting a large range of A/N bits.

Some agreements were made to narrow down the A/N channel design in RAN1#61bis:

· Exclude from further consideration the following schemes:

· SF reduction to 1

· Multiple simultaneous PUCCH transmission for A/N in multiple non-adjacent PRBs

· Maximum 10 A/N bits shall be supported

· FFS: 12 bits if DTX is explicitly indicated

· Optimisation shall be for M to N bits where M<N<10

· Working assumption: For FDD, cross-carrier A/N bundling is not supported for the non-power-limited case.

In this contribution, we discuss some of the open issues to help with PUCCH A/N channel design for CA, focusing on two topics:
· DTX handling for different PUCCH A/N transmission schemes
· Enhanced channel selection algorithm
2 DTX handling
The number of A/Ns that are multiplexed in PUCCH depends on the number of activated DL carriers. The A/N channel design has to support up to 5 activated DL carriers and A/N feedback for up to 2 codewords for DL SU-MIMO, requiring simultaneous transmission of 5 x 2 A/N’s. Note that in Release-8, A/N feedbacks for DL SIMO and SU-MIMO with 2 codewords are supported by PUCCH Formats 1a and 1b, respectively. 
Depending on the A/N mapping scheme, different A/N codebook sizes may be required. 
Separate mapping of A/N per DL carrier
For separate mapping of A/N bits among activated carriers, only ACK and NAK bits need to be encoded. DTX arises due to missed PDCCH detection. The DTX state is not known at the UE. As such, DTX handling is typically implemented at the eNB receiver. One example of separate mapping is to reserve PUCCH Format 1b resources per configured carrier. With this approach, independent detection of A/N channels per carrier with DTX detection implemented at the eNB in Release-8 may be reused. The total number of HARQ feedback states per carrier to be encoded are 4, resulting in 
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 activated DL component carriers.
Joint mapping of A/N among multiple DL carriers
Analysis of the A/N codebook size with joint A/N mapping is presented in [5]. Considering dual codeword transmission for each component carrier, the number of feedback states is 5 per each DL component carrier, which are (ACK,ACK), (ACK,NACK), (NACK,ACK), (NACK,NACK) and (DTX), resulting in total of 
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 activated DL component carriers. For 5 CCs, this requires up to 12 bits of A/N signalling. 

One problem with DTX signalling is that UE cannot distinguish between failed PDCCH detection and no PDCCH transmission from the eNB. This results in excessive DTX feedback even when there is no scheduling grant transmitted by the eNB to the UE. One possible way to solve this problem could be the ‘dynamic PDCCH monitoring set’ approach, where CCs with PDCCH transmission are explicitly indicated in a DCI format for DL allocation in the DL anchor carrier as described in [2]. The UE would know the carriers with a valid PDCCH transmission and would never need to transmit DTX; only A/N would be transmitted, for each CC in the PDCCH monitoring set. 
The number of bits of A/N signalling can therefore be reduced if the UE knows which CCs carry PDCCH DL assignments. ‘Dynamic PDCCH monitoring set’ approach would reduce the maximum required number of states for n activated DL CCs to
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, requiring only 10 bits. Thus at least 2 bits of A/N signalling could be saved. In many cases, larger number of bits could be saved, because there would be no A/N transmission for CCs outside the PDCCH monitoring set in any given subframe. We therefore propose that this should be considered in the final selection of the A/N multiplexing scheme. 

3 A/N transmission scheme

A/N channel design for CA should take into account coexistence with Rel-8, reuse of Rel-8 channel structure, reliable performance for Rel-10 UEs, while minimizing the specification efforts. Current working assumption on PUCCH ACK/NACK channel design is not to optimize the design for a large number of carriers.  
3.1 Enhanced channel selection with PUCCH Format 1b
In Rel-8 TDD, channel selection based on PUCCH Format 1b supports multiplexing of up to 4 ACK/NACK bits. With this approach, 

· For UEs not supporting DL MIMO, (ACK, NACK, DTX) states up to 4 carriers are mapped to a QPSK modulation symbol. 
· For UEs supporting DL SU-MIMO, 

· ACK/NAKs for up to 2 carriers can be mapped to a QPSK modulation symbol.

· If spatial bundling is configured, up to 4 carriers in MIMO mode can be supported.

· An alternative method is to allocate two PUCCH resources within the same PRB for the UEs supporting MIMO.

Table 1 illustrates mapping of ACK/NACK bits to QPSK modulation symbols for 4 carrier aggregation. The mapping table from Rel-8 TDD can be reused for CA. PUCCH resource 
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 can be determined from the first CCE used for transmission of the corresponding DCI assignment and a higher-layer signalled parameter, depending on CC index. Details of PUCCH resource signalling for CA requires further study.
Table 1: Mapping of ACK/NACK bits to PUCCH resources for CA scenario DL:UL = 4:1
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3.2 Simultaneous PUCCH transmission in adjacent PRBs
Enhanced channel selection utilizes multiple PUCCH resources to carry A/Ns for multiple CCs. For CA with 5 CCs, two PUCCH resources in adjacent PRBs may be transmitted simultaneously in a sub-frame. A/N for 5 CCs are transmitted in two adjacent PRBs, as illustrated in Figure 1. For example, a UE could be configured to use a pair of PRBs indicated as m=0 and m=2 or m=1 and m=3.
· IMD issue: Some companies expressed concern on potential IMD issues associated with A/N multiplexing by simultaneous PUCCH transmissions. The LS received from RAN4 [1] indeed raises some questions about simultaneous transmissions in non-adjacent RBs; however, IMD with multiple simultaneous PUCCH transmissions in RBs that are adjacent in frequency should be no different from adjacent PRB allocation for PUSCH in Rel-8. It is further noted that such scenarios are handled by transmit power backoff in Rel-8 as part of normal PUSCH operation. Therefore IMD for PUCCH does not pose any additional requirement and does not seem to prevent the use of multiple simultaneous PUCCH transmissions in adjacent RBs. 
· Specification impact: It could be left up to the network configuration to ensure that suitable adjacent PUCCH RBs were assigned. Alternatively, adjacent PRB allocation could be explicitly mandated by specification in the standard. This issue requires further study.
· Channel estimation loss: It was suggested that there may be potential channel estimation loss due to power split among DM RSs mapped to two PRBs. However, for a given number of information bits the traffic to pilot power ratio is not affected by the total bandwidth of the transmitted signal, and therefore there would not be a channel estimation loss. It is further noted that eNB channel estimation could exploit DM RS in two adjacent PRBs to enhance the channel estimation performance compared with Rel-8. For UEs capable of supporting aggregation of 5 carriers, channel estimation will not be the bottleneck in PUCCH ACK/NACK channel performance, especially as the geometry is likely to be good in such scenarios.
PUCCH resources in adjacent PRBs are allocated linked to the CCE index used for DCI assignment on the PDCCH, while avoiding collision with Release-8 PUCCH resources. Details of configuration and signalling methods require further study.
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Figure 1: Physical channel mapping for PUCCH. Adjacent PRBs are configured for simultaneous ACK/NAK transmission.
Figure 2 shows how the proposed ACK/NAK scheme is used for various LTE-A scenarios. It is noted that the proposed scheme allows modular extension of the Rel-8 TDD ACK/NAK scheme while allowing reuse of existing transmitter / receiver structures as much as possible. Table 2 summarizes the capability of the proposed A/N multiplexing schemes. 
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Figure 2: Proposed PUCCH ACK/NACK transmission scheme in LTE-A

Table 2: Capability of proposed A/N multiplexing scheme
	A/N transmission scheme
	Payload size per carrier (bits)
	Number of carriers
	MIMO mode
	Multiplexing capacity per PRB
(user/PRB)

	PUCCH Format 1a
	1 bit
	1
	SIMO
	18

	PUCCH Format 1b
	2 bits
	1
	MIMO
	18

	Modified channel selection based on PUCCH Format 1b
	1 bit
	2-4
	SIMO
	18/C*

	Enhanced channel selection based on PUCCH Format 1b
	2 bits
	2-4
	MIMO
	18/C*

	Enhanced channel selection in two adjacent PRBs
	2 bits
	5-8
	MIMO
	18/C*


Note: 
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4 Conclusions
In this contribution, A/N channel design for LTE-A based on enhanced channel selection from Rel-8 TDD A/N channel design is considered, focusing on DTX handling and IMD, which led to the following recommendations:
· For A/N multiplexing, we suggest that consideration should be given to avoiding DTX signalling when there was no PDCCH transmission, by providing DL signalling to indicate which CCs carry PDCCH DL assignments.

· Any potential IMD problem with multiple PUCCH PRB transmission in adjacent PRBs is no different from adjacent PRB transmission for PUSCH in Rel-8. This can be handled by transmit power backoff as in Rel-8 PUSCH transmission.
· A/N multiplexing scheme:

· Rel-8 TDD channel selection for small number of carriers (N≤4)
· Extended channel selection two PUCCHs in adjacent PRBs for larger number of carriers (N=5)
· For DL MIMO, enhanced channel selection within the same PRBs or spatial bundling

· FFS for TDD
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