3GPP TSG RAN WG1 #54                                          R1-082937
Juju Island, South Korea
August 18 - 22, 2008

________________________________________________________________________________

Agenda item: 6.3
Source: LG Electronics Inc.

Title: Efficient Utilization of Unused PUCCH RB
Document for: Discussion/decision
________________________________________________________________________________

1. Overall
In uplink transmission, a PUCCH RB pair consists of two RBs which are located in different frequency position similar to mirroring operation in UL PUSCH hopping. Especially in the boundary of PUCCH and PUSCH resource region, it was assumed that only single RB, not a RB pair is inevitably allocated to PUSCH transmission when odd numbers of PUCCH RB pair are reserved, resulting that the amount of payload to be able to carry is limited by the one RB. Normally, resource index #n of PUSCH means two RBs that consist of one PUSCH RB in the first slot and the other PUSCH RB in second slot. However, resource index #n in such a resource boundary between PUSCH and PUCCH will indicate individual RBs, one is a PUSCH RB, and the other is a PUCCH RB. So we have to transmit some information at resource index #n, we have to restrict the payload size to fit into single RB capacity, for example by puncturing one slot used for a PUCCH RB. This causes additional operation in multiplexing chain in uplink with knowledge about resource allocation of PUSCH and PUCCH. Otherwise, normal PUSCH data transmission using two RBs collides with PUCCH transmission using two hopping RBs.
 Figure 1 shows an example of resource block layout of PUSCH and PUCCH transmission. PUSCH transmission indicated by either index #1 or #23 is performed by using one single RB, e.g. 1st slot of index#23 and 2nd slot of index#1, which is quite different from normal operation in other PUSCH resource region. 
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Figure 1. Necessity of additional treatment for single-RB-size PUSCH transmission
2. Proposal
As you can see, PUCCH RB pair consists of two RBs which are located in different frequency position similar to mirroring operation in UL PUSCH. In the boundary case, the PUSCH RBs are overlapped with PUCCH RBs. This leads to allocate single RB for PUSCH transmission. This causes some additional process in channel multiplexing chain. In order to avoid it, we proposed to make use of the hopping RB pair for PUSCH data transmission as it is, that is, as “1st slot of index#23 and 2nd slot of index#1” shown in Figure 2. We can define this case as following statement.
· A single RB can be substantially used for PUSCH data transmission when odd numbers of PUCCH RB are reserved for PUCCH transmission, such as 1, 3, 5, ..., 2k+1 (k: integer). This situation will happen semi-statistically according to the variation of the number of PUCCH RB.
Both “1st slot of index#23 and 2nd slot of index#1” in the boundary can be addressed by one index value, “RB index#23” for the purpose of PUSCH data transmission. However the interpretation of “RB index#23” is different from that of RB index value in normal RB. For example, RB when eNB wants to transmit PUSCH data over both “first slot of index#23 and second slot of index#1” in uplink, eNB signals RB index#23 to UE. This index signaled means to indicate “first slot of index#23 and second slot of index#1”. That is, both “PUCCH-23 in the RB index #23 and PUCCH-23 in RB index#1” can be addressed by “RB index #23”. In this case, just only thing eNB has to do is to signal just “RB index #1” is signaled to UE, then UE interprets it as two hopping RBs indicated by “PUSCH-23” in Figure 2. This is very simple, not required any additional signaling or information as well. Restating this tip, just a required thing is to let UE interpret the value of signaled RB index in different way only when the assigned RB is located in the PUCCH region (see the Figure 2).
The proposed tip can be also utilized in indicating unused PUCCH RB pair (PUCCH-1, 2 and 3 in Figure 2) in case when the RB is reserved for PUCCH transmission but it is not used in a certain sub-frame time.
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Figure 2. Proposed simple RB pair indexing with no additional signaling
3. Conclusion
We propose to capture following simple tip related to UE behaviors in UL transmission.

· Simple RB pair indexing with no additional signaling
· Applicable to two of individual single PUCCH RBs in the boundary of PUCCH and PUSCH resource region
· Applicable to reserved but unused PUCCH RB pair in dynamic manner 
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