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Discussion / Decision
1.
Introduction
In 3GPP RAN1#61bis, it has been agreed that: for both FDD and TDD

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

This contribution summarizes our views and preferences regarding the remaining details on the design of DFT-S-OFDMA based A/N signalling scheme.
2. Randomization of block spread DFT-S-OFDMA signals 
Randomization is crucial functionality for CDM-based schemes such as block-spread DFT-S-OFDMA. The main issue is to attenuate the co-channel interference between the UEs using the same block spreading code. It is obvious that there is not enough block spreading codes available to provide sufficient randomization between cells in block code domain.  It is noted that cell specific bit scrambling is not a sufficient randomization scheme for block spread DFT-S-OFDMA in the situation where the same block spreading code is used in adjacent cell(s). 
It has been proposed in [1,2]  to scramble coded bits with DFT-S-OFDMA symbol specific and cell specific scrambling sequences. Scrambling sequences need to be DTF-S-OFDMA symbol specific, i.e., vary between DFT-S-OFDM symbols since the same data symbols [d(0),…d(N-1)] are the same under the same block spreading sequence.
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Figure 1. The principle of scrambling DFT-S-OFDMA with symbol and cell specific pseudo random sequences.
The principle is shown in Figure 1. Disadvantage of this approach is increased complexity because DFT operation and scrambling multiplications should be done separately for each DFT-S-OFDMA symbol due to the fact that scrambling in frequency domain would result in PAR increment.
In an alternative arrangement, shown in Figure 2, data symbols are shifted cyclically in time according to a predefined pattern. The shifting pattern varies from a DFT-S-OFDMA symbol to another according to a cell specific pseudo-random pattern. Thus, different data symbols originating from different cells interfere each other in consecutive DFT-S-OFDMA symbols, thus, providing inter-cell interference randomization. It is noted that Rel-8/9 cyclic shift hopping pattern defined for PUCCH Format 2 can be utilized as the shifting pattern for block spread DFT-S-OFDMA symbols.
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Figure 2.  The principle of Rel- 8/9 PUCCH randomization with block spread DFT-S-OFDMA
It is noted that reference signals (RS) blocks can follow Rel-8/9 cyclic shift hopping in both approaches. For data randomization, we don’t see any motivation for defining a new method. Hence, we propose that randomization scheme specified for LTE Rel-8 PUCCH should be re-utilized with Block Spread DFT-S-OFDMA. 
Proposal 1:  The randomization methods specified for LTE Release-8 PUCCH should be re-utilized with Block Spread DFT-S-OFDMA. 

3. Shortened format 

In this section we discuss the multiplexing between SRS and multi-A/N signalled on PUCCH.  In LTE Release 8/9, shortened format is specified in order to support transmission of SRS and PUCCH format 1/1a/1b signals (ACK/NACK, SR) during the same sub-frame.  We note that the amount of DL control information transmitted in UL will be increased in Rel-10 due to new features such as component carrier aggregation and higher order DL MIMO.  The increased number of DL control information bits will be there already in typical CA scenarios with multiple CCs only in DL direction. Because of the fact that SRS signal is an essential component to achieve high uplink efficiency, it is preferable to support SRS multiplexing in all cases including multi-A/N on PUCCH based on block-spread DFT-S-OFDMA. It is noted that multi-A/N based on channel selection will support concurrent transmission of SRS according to Rel-8/9 functionality.
Two ways to realize shortened format with block spread DFT-S-OFDMA exist. In the first way shown in Figure 3, the last SC-FDMA data symbol is not transmitted in the second slot of the sub-frame.  With block spread DFT-S-OFDMA this means that the length of block spreading code is reduced by one resulting in reduction of multiplexing capacity of block-spread DFT-S-OFDMA  (only four simultaneous UEs  per PRB be can supported).  The alternative format where the last RS symbol is allocable to SRS is shown in Figure 4 .  The benefit of this structure is that the multiplexing capacity remains unchanged compared with the case of no SRS. Another advantage is that replacement of RS by SRS can be made in UE specific manner whereas in the method according to Figure 3 utilization of shortened format needs to follow cell specific configuration of SRS.
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Figure 3 Shortened format when last SC-FDMA data symbols is replaced by SRS
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                         Figure 4 Shortened format when last RS  symbols is replaced  by SRS
Performance comparison between two shortened formats is shown in Figure 5.   The simulation assumptions are given in Table 1.  Taking into account both ACK Miss Detection (1%) and NACK ACK (0.1%) requirements, the loss from both shortened formats is less than 0.4 dB.  It is clear that shortened format based on data symbols puncturing performs better with high speed UEs, but obviously high mobility is not the main optimization criterion in the case of shortened format.  Furthermore, in difficult channel conditions it is possible to use Format 1 b based channel selection.  Based on these results we think that  shortened format based on RS symbol puncturing is the pferable choise. The main differentiator between two approaches is in multiplexing capacity.
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Figure 5. Performance comparision between shortened formats where last SC-FDMA data symbols is replaced by SRS (DATA PUNCT) and  last RS symbol is replaced  by SRS (RS PUNCT)

Proposal 2:  TDM multiplexing between SRS and block spread DFT-S-OFDMA needs to be supported by method where last RS symbol is allocable to SRS
4.
Multiplexing multi A/N with CQI and SR

LTE Rel-8/9 supports multiple multiplexing options between A/N, CQI and SR. We think that it would be preferable to support at least the same multiplexing options in LTE-Advanced with carrier aggregation. This option would avoid unnecessary scheduling restrictions and allow for maintaining uplink delay performance in all cases [3].

It is noted that transmission of multi-A/N is not straightforward in the case when multiplexed with positive SR or CQI.  Different alternatives are discussed in [4].   Solution based on cross-carrier A/N bundling would be the simplest way to support all the multiplexing options between multi-A/N, CQI and SR. This would mean that all the multiplexing options supported in Rel-8/9 would be available also in LTE-A. At the same time beneficial low-PAPR properties of the transmitted signal can be fully maintained (as in Rel-8/9). Furthermore, it is noted that the same scheme is applicable regardless of the format of multi-A/N (i.e,. channel selection, block spread DFT-S-OFDMA).
Proposal 3:  LTE-A A/N signalling should support at least the same multiplexing options as in Rel 8/9. 

Proposal 4:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with CQI or SR
5.
Conclusions
In this contribution, we discussed of   remaining details of DFT-S-OFDMA based A/N signalling scheme. We make the following proposals:
Proposal 1:  The randomization methods specified for LTE Release-8 PUCCH should be re-utilized for Block Spread DFT-S-OFDMA. 

Proposal 2:  TDM multiplexing between SRS and block spread DFT-S-OFDMA needs to be supported by method where last RS symbol is allocable to SRS

Proposal 3:  Block-spread DFT-S-OFDMA  should support at least the same multiplexing options as Rel 8/9. 

Proposal 4:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with CQI or SR
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Apppendix

Table 1 Simulation assumptions
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1 Number of PRBs for PUCCH

1 Number of UEs

Ideal Noise estimation

RX false alarm detection threshold

180 kHz signal bandwidth

normal CP CP type

Practical (Averaging over all RS symbols in slot) channel estimation

uncorrelated RX antenna correlation

1Tx, 2Rx antenna setup

at slot boundary

frequency hopping

EPA 3km/h 10  channel model

10 MHz  System bandwidth

2.0 GHz carrier frequency

Value Parameters
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