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1 Introduction
In the last RAN1#37 meeting in Riga, many contributions on the uplink control signaling have been submitted [1]-[11]. In this contribution, we present our views on the uplink control signalling. It is noted that the LB-only subframe format is assumed, as mainly supported in the e-mail reflector discussion currently.
2 Data-non-associated control signalling
As shown in Figure 1, data-non-associated control channels (ACK/NACK and CQI) are transmitted in either edge of the UL transmission bands as implicitly assumed in RAN1, which are the 1st and last RUs in Figure 1. The channels are preferred to be frequency hopped to the opposite edge in the next slot for frequency diversity gain. It is noted that both of the 1st and last RUs can be used for control channels in every slot, although only a single edge RU is highlighted in each slot in Figure 1 for clear illustration of the hopping and CDM.
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Figure 1. UL multiplexing structure.
Our preference on the UL control channel structure is as follows:
· Time domain CDM within an RU between intra-cell UEs
· CDM by the cyclic shift orthogonality in time domain using a single Zadoff-Chu base sequence in each cell
· CDM is preferred over FDM, due to larger inter-cell interference diversity

· The channels transmitted in the same RU are assigned different cyclic shift values in time domain, which should be large enough to overcome the multipath delay spread in nominal channel conditions. E.g., cyclic shift by the 1 sequence sample duration ‘5.55 s’ results in 12 orthogonal CDM channels in an RU.
· Allocation of additional RUs
· When the required UL control channels in a subframe outnumbers that supportable by the 1st and last RUs, additional RUs can be allocated and configured by the eNB

· Then, it is natural and obvious that the control channels transmitted in different RUs are FDMed each other
· By a proper resource allocation of the ACKCH (ACK/NACK Channel) and CQICH (CQI Channel) by the eNB control, the number of RUs for data transmission can be different subframe-by-subframe in order to efficiently utilize the UL resource
· CDM of ACK/NACK and CQI in the same RU is allowed, as shown in Figure 2
[image: image2.emf]ACKCH#k

(D

k

)

CQICH#n

(D

n

)

s

1

s

2

s

3

s

4

s

5

s

6

s

7

s

8

s

9

s

10

s

11

s

12

b b b b b b b b b b b b

-b: 1 bit ACK/NACK

-s

m

: m-th modulation symbol of CQICH

subframe


Figure 2. Preferred UL multiplexing structure.
· For efficient utilization of the UL resource (RU), it should be allowed to multiplex ACKCH and CQICH in an identical RU. That is, a same resource pool can be shared by ACKCH and CQICH by the eNB control, which may be agnostic to each UE
· In case of CQICH, an LB carries a single modulation symbol to enable CDM with ACKCH
· Control channel format

· ACKCH: the possibility to have multiple, say, two formats(duration) should be considered in view of improving the resource utilization efficiency: one has a shorter duration for cell center UEs and the other has the 1 ms duration for cell edge UEs, which could be allocated by the eNB semi-statically. Also, repetition of the 1ms duration ACK/NACK over multiple sub-frames as in HSDPA should be allowed to support ACK/NACK coverage in very large cells
· CQICH: in addition to that shown in Figure 2, we may need a larger size CQI, depending on the realization of the detailed CQI feedback schemes for the cases of MIIMO and subband scheduling
· Reference signal structure

· It is preferred to keep the same structure for CQI as for the case of data in order to simplify the channel estimation algorithm implementation
· In case of a short duration ACK/NACK, different RS structure may be helpful in supporting frequency hopping between slots, when a single ACK/NACK is scattered into the two 0.5ms slots. This is because each ACK/NACK requires an RS in each slot in case of coherent modulation ACK/NACK. Also, in case of non-coherently detected ACK/NACK, no RS is required.
· Multiplexing of ACK/NACK and CQI from a single UE
· Not decided yet between TDM within a subframe and combined channel coding of CQI and ACK/NACK
· Inter-cell interference mitigation
· For the case of ACHCHs, block-level scrambling by cell-specific (or UE-specific) cyclic shift offset sequences, as shown in Figure 3, would help mitigate the inter-cell interference due to the processing gain as in direct sequence spread spectrum communications. This will lead to a more reliable detection of ACK/NACK.
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Figure 3. Block-level scrambling for inter-cell interference mitigation
· Cell planning for control channel sequences
· Using the frequency domain cyclic copy approach for Zadoff-Chu sequences, as proposed by Fujitsu [12] on the RAN1 e-mail reflector, we can have 10 ZC-like sequences in time domain, which is much larger than the case using normal ZC sequences
· Additional mechanism to further increase the sequence reuse factor can be considered for easier cell planning 
3 Data-associated control signaling
Currently, the main issue is whether the NDI (New Data Indicator) transmission is needed or not. There seems to be a consensus that no other data-associated control signaling is required. 

As discussed in [11] and on the e-mail reflector, there is a trade-off in transmitting NDI:

· Pros: ACK/NACK detection error can lead to soft buffer corruption in the eNB receiver in case of persistent scheduling 

· Explicit scheduling of every new HARQ transmission leads to a large signaling overhead compared to the persistent scheduling, which would not be justified for the VoIP support
· Also, it is still unclear whether the soft buffer corruption problem can well be avoided by implementation with an acceptable complexity

· Cons: NDI signaling overhead
Thus, it seems that the need for data-associated control signaling should be decided considering the overall aspects such as VoIP support, DL/UL signaling overhead, the soft-buffer corruption, eNB implementation complexity, etc.. 
4 Conclusion
In this contribution, we discussed overall aspects of the uplink control channel design. The data-non-associated control channels are transmitted in the edge of the UL transmission band, with time domain CDM of the ACK/NACK and/or CQI channels in each RU. The need for data-associated control signaling is FFS. Some details proposed in the contribution may possibly be captured in the TSs.
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