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Introduction
In the RAN WG1 meeting #52 in Sorrento the several aspects related to PUCCH channelization were discussed and may agreements were reached subsequently captured into the specifications. The TS 36.211 currently covers well all the aspects related to the PUCCH resource allocation of CQIs and dynamic (implicit) ACK/NACKs. However, the final details for Scheduling Request Indicator and persistent ACK/NACK channellization have not yet been agreed upon.
Regarding the persistent ACK/NACK, the agreement from RAN1#52 states that the UL ACK/NACK resource due to DL persistent scheduling is explicitly signalled once when the persistent scheduling information for data is sent to the UE [1]. Simlarly, the resource where to send SRI shall be explicitly signaled.

In this contribution we present the signaling to support SRI and persistent ACK/NACK channellization as well as the corresponding changes required to the LTE specifications.
1. Background
From the PUCCH resource allocation point of view, four basic types of control signals can be transmitted on PUCCH:

· ACK/NACKs of dynamically scheduled DL data (PUCCH format 1a and 1b)

· Periodic CQIs (PUCCH format 2, 2a, and 2b)

· Scheduling request Indicators (PUCCH format 1)

· ACK/NACKs of persistently scheduled DL data (PUCCH format 1a and 1b)

For dynamic ACK/NACKs, it has been agreed that the PUCCH resource to be used is implicitly derived from the PDCCH CCE index. Due to the implicit mapping, ACK/NACK channel on PUCCH needs to be pre-configured by higher layer signalling. This pre-configuration is called as ACK/NACK channelization. The details for implicit mapping of dynamic ACK/NACKs have been agreed in 3GPP.

The basic principle in implicit channelization of dynamic ACK/NACKs is to have one-to-one mapping to the lowest CCE index. The total number of CCEs depends on the system bandwidth and the number of OFDM symbols allocated for control signalling in a DL subframe, which is signalled in each subframe using PCFICH (1, 2, or 3 OFDM symbols/subframe). This means that e.g. with 20 MHz system bandwidth the number of CCE can be up to 80 if three OFDM symbols are allocated for control signalling in a subframe. However, if PCFICH = 1, there is a significantly smaller number of CCEs. This means that also the amount of UL resources required for the dynamic (implicit) ACK/NACKs can vary dynamically from one subframe to another. 

It has also been agreed, that the PUCCH resources used for periodic CQI transmission (namely the cyclic shift), Scheduling Request Indicator and persistent ACK/NACK are explicitly configured. Furthermore, it has been agreed that the PUCCH PRBs with CQI shall be placed on the outermost PRBs next to band edges, followed by the dynamic ACK/NACKs.  Although there is an agreement for the principle of resource allocation for each type of the PUCCH signals, the final details of how to allocate the PUCCH resources for SRI and persistent ACK/NACK are still missing. 
2. Current agreements
The current agreement captured into TS 36.211 is to allocate resources for CQI to the outermost PRBs next to band edges and the dynamic ACK/NACKs next to them. The principle is shown in Figure1.  The number of CQI PRBs is signalled via higher layer using the parameter 
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=7 in Figure 1).  Furthermore, the CQI PRB with largest index can be split to accommodate both CQIs and dynamic ACK/NACKs with parameter 
[image: image3.wmf])

1

(

cs

N

.  The resources for dynamic ACK/NACKs are placed next to CQI resources.  A UE’s ACK/NACK index is directly derived from its lowest CCE index. The number of PDCCH CCEs and hence also the number of implicitly allocated dynamic ACK/NACK resources scales according to the system bandwidth and the value of PCFICH.  

The SRI and persistent ACK/NACK configuration have not been discussed in detail in the 3GPP. The basic assumption has however been, that a separate resource pool (e.g. one or more PRBs) is semi-statically assigned for the SRI and persistent ACK/NACK (see Figure 1). However, the serious drawback of this approach is that due to the dynamically varying PCFICH and hence the (possibly constantly) changing number of dynamic (implicit) ACK/NACK resources/channels, there would be an unused gap between dynamic ACK/NACK channels and the SRI and persistent ACK/NACK channels when PCFICH < 3. This leads to increased UL overhead and/or spectrum fragmentation. 
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Figure 1 PUCCH channellization assuming absolute signalling of SRI and persistent ACK/NACK resources. The varying PCFICH leads to fragmentation of available UL spectrum. 
An example: With 20 MHz system BW the number of PDCCH CCEs is ~80 when PCFICH = 3 and ~12 CCEs when PCFICH = 1, assuming 1 CCE consists of 36 REs. This means that with an ACK/NACK structure supporting 18 channels, 4 PUCCH PRB will be left empty when PCFICH =1. This in essence limits the UL peak data rate because in order to maintain single carrier properties, UL PRB allocation needs to be contiguous. The degradation in peak data rate can be calculated as:

Loss in Peak Data Rate (Mbit/s)

= 12 SCs * 12 LBs * 4bit/symbol * 4 PRBs * 0.9 (max coding rate) / 1 ms





 






= 2.07 Mbit/s
Changes of parameter 
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 (number of PRBs reserved for CQI) or 
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 will make the PUCCH space even more dynamic. The  alternative of keeping 
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 essentially constant results in over dimensioning of periodic CQI resources.
3. Relative PUCCH channelization for SRI and ACK/NACK
In the following we present signalling details that cover the remaining open issues in UL control signal resource allocation in order to make the specification fully functional while keeping the necessary modifications at minimum and optimizing the UL control signalling overhead.
The basic principle is to allocate resources for persistent ACK/NACK and SRI in a relative manner, starting right after the dynamic ACK/NACK resources. The ACK/NACK and SRI resource indexes given by the eNodeB via higher layer signalling indicate which PUCCH resource to use relative to the resource of the dynamic ACK/NACK resource with highest index value 
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). The persistent ACK/NACK and SRI resources utilize common physical resource space. We propose that a common staggered ACK/NACK channelization structure and parameters (
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 ) are applied for dynamic ACK/NACK, persistent ACK/NACK and SRI. 

The clear benefit in the relative signalling approach is that the consumption of UL PUCCH resources is minimized and the spectrum fragmentation due to varying number of implicitly allocated dynamic ACK/NACK channels is avoided. 
Changes into the specification  

Two new parameters are introduced:
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Persistent ACK/NACK and SRI share common physical resources. Both of these parameters are configured semi-statically via RRC signalling
. It is also possible to utilize PDCCH for configuring 
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. Note that it has already been agreed in the 3GPP that the resources used for SRI and persistent ACK/NACK are explicitly signalled. Hence no extra signalling needs to be defined. Figure 2 shows an example how the implicit ACK/NACK, persistent ACK/NACK and SRI are mapped into PRBs (Figure 2 assumes that 
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=6). We note that the proposed scheme has no problems with re-mapping function which is operating within the allocated ACK/NACK PRBs. Signalling space (number of bits) reserved for 
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 defines the maximum number of simultaneous channels reserved for SRI and persistent ACK/NACK. 

Figure 2 assumes that resource numbering for persistent ACK/NACK and SRI starts from (max(
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Figure 2. Division of implicit ACK/NACK, persistent ACK/NACK and SRI into physical PRB

For SRI the index used in the Channelization formulas can be calculated as: 
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Similarly, for the persistent ACK/NACK the index can be derived as:
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The quantities 
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As mentioned earlier, the quantity max(
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),  can be easily calculated since the value of PCFICH and the system bandwidth need to be known in UE for normal DL reception/UL transmission. We also note that all the channelization formulas in the specification 36.211 can be used without any changes. 

4. Conclusions
In this contribution we have presented a channellization principle for SRIs and persistent ACK/NACK. We propose to allocate resources for persistent ACK/NACK and SRI in a relative manner, starting right after the dynamic ACK/NACK resources. We also propose that a common staggered ACK/NACK channelization structure and parameters (
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 ) are applied for dynamic ACK/NACK, persistent ACK/NACK and SRI.
The proposed scheme has several advantages:
· Simple solution, also from the specification point of view

· No additional signalling required  (a signalling mechanism for indicating the resources for the SRI and persistent ACK/NACK is needed anyway)
· Optimized UL overhead, no spectrum fragmentation due to varying number of implicit ACK/NACK channels and reserved periodic CQI resources on PUCCH

· No implications to existing re-mapping function or other aspects related to PUCCH Channelization

· The relative signalling approach does not set limitations to UL peak data rate
In order to ensure LTE UL competitiveness we propose to adopt the PUCCH channellization principle presented in this contribution into the 3GPP LTE specifications.
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� Here we do not address the signaling of other potential SRI and dynamics ACK/NACK parameters such as periodicity and the subframe offset.
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