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Introduction
In the RAN WG1 meeting #51bis in Seville a way forward for ACK/NACK channelization on PUCCH was agreed [1]. The agreed contribution provides channelization structures for 12, 18, and 36 ACK/NACKs for the normal CP and for 8 and 12 ACK/NACK for the extended CP case.

Besides ACK/NACKs, the PUCCH resources are also used for the signaling of CQI and Scheduling request. For the periodic CQI, the agreement is to configure the PUCCH resource for each UE, i.e. cyclic shift and the frequency to be used via RRC signaling. 

In general it makes sense to allocate separate PUCCH PRB for ACK/NACKs and CQI. However, with lower system bandwidth options such a 1.4 MHz case, this would lead to unacceptably high overhead (1 PRB reserved for ACK/NACK and 1 PRB reserved for CQI at 1.4 MHz corresponds to 33.3% uplink overhead). In this contribution we propose a channelization scheme for sharing the PUCCH resources between UEs with ACK/NACK and UEs with CQI (or CQI + ACK/NACK).
1. Channelization for PRBs supporting the both ACK/NACKs and CQIs
There is not yet support in the specification for ACK/NACK channelization in case where ACK/NACK and CQI from different UEs are multiplexed within the same physical resource block (PRB). The agreement in [1] defines the ACK/NACK channelization to be used on PUCCH when there are no CQI signals sharing the same RB. The outcome of the channelization arrangement is the staggered-type of ACK/NACK structure, as shown in the example of Table 1.

Table 1: Resource allocation for the case of 18 ACK/NACK channels with normal CP [R1-080035]
	Cell specific 

cyclic shift offset 
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

	Δoffset=1
	Δoffset=0
	OCindex=0
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	OCindex=2
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In order to support signalling of ACK/NACKs and CQIs from different UE on the same PRB we propose following additions to be included into the specification:
Channelization arrangement:
The proposed multiplexing between ACK/NACK and CQI is presented in Figure 1


. The given PUCCH resource consisting of 12 cyclic shifts (CS) is divided between ACK/NACK and CQI by means of localized cyclic shift separation. 

· In the proposed arrangement, ACK/NACK resource starts always from Cyclic shift #0

· An even number of adjacent CS resources, denoted as 
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, is reserved for ACK/NACK channels. 
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. In the case when CQI part is absent, 
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· Two (un-used) guard-shifts are applied between ACK/NACK and CQI (
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). The reasoning behind the guard-shifts is to improve the orthogonality between two control signalling types. Guard shifts are located at the CS numbers 
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· The number of CS resources allocated to CQI is denoted as 
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. It is calculated as 
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Figure 1. Multiplexing ACK/NACK and CQI (from different UEs) inside the same RU.

Signalling support:

Compared to the channelization scheme agreed in [1] 
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 (or alternatively 
[image: image10.wmf]CQI

N

) is the additional parameter to be signalled from eNB to UE via RRC signalling (either broadcast or dedicated RRC). This information can be conveyed with 2-3 bits. 

Randomization principle:
It has been decided that symbol-level, cell-specific cyclic shift (CS) hopping on PUCCH is always enabled. Furthermore it has been decided that PUCCH utilizes CS/OC (cyclic shift/orthogonal) cover re-mapping between two slots to randomize the interference between different CS/OC resources. In the scope of the proposal we define that CS/OC re-mapping for ACK/NACK channel operates within the 
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 cyclic shifts. Correspondingly, CS re-mapping for CQI channel operates within the 
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 cyclic shifts. The goal of this definition is to ensure that ACK/NACK and CQI are not mixed in the CS/OC –remapping. CS/OC –remapping taking into account mixed ACK/NACK and CQI case is discussed in more details in [2]. 
2. Changes into the specification
Besides the signaling support for  
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 (or alternatively 
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), some minor changes are also required into the formulas defining the channelization rules. 

The proposed channelization scheme can be included into the specifications either using (1) equation approach or (2) lookup table approach. The functionality is located at both UE and eNB. An example of the equation approach is shown below, using notation from the draft specification TS 36.211 v.8.1.0.
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Where 
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and  
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  is the resource index, 
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 is the orthogonal sequence index, and 
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Changes compared to the existing formulas presented in TS 36.211 v.8.1.0 are:
· 
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is replaced by 
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· 
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is allowed to get values up to 
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An alternative implementation choice for this proposal is to apply tabular notation, similarly as in [1]. An example of this approach (normal CP case) is shown in Figure 2.
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Figure 2. Resource allocation for the case of 6 ACK/NACK channels with normal CP,  Δshift=2, 
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3. Conclusions
In this contribution we have presented an ACK/NACK channelization scheme which allows for mixed allocation of ACK/NACKs and CQI from different UEs into a single physical resource block. The proposed channelization scheme has several advantages:
· A simple and straightforward extension to the agreed ACK/NACK channelization formulas (some solution is needed anyway)

· Additional signalling burden is very marginal. The only addition is the RRC signalling of 
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 (2-3 bits)

· The starting CS position of ACK/NACK channel does not need to be signalled. This will also save the signalling.  CS allocation for CQI is configured by means of explicit signalling in any case. 

· This scheme provides sufficient orthogonality between ACK/NACK and CQI (improved orthogonality is needed since ACK/NACK and CQI will have different operation point in terms of SNR and hence potentially different power control targets)

· Orthogonality between ACK/NACK and CQI is maintained during CS re-mapping (due to the fact that ACK/NACK and CQI follow their own CS randomization)
In order to allow for support for ACK/NACK and CQI transmission in case of e.g. narrow system BWs on a single PUCCH PRB we propose to include the modifications proposed in this contributions into the specification.
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� Orthogonal cover codes are not applied with CQI part


� Scheduling request can be signaled using the ACK/NACK space


� CQI resource will be used in the case when a certain UE has both ACK/NACK and CQI.
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