TSG-RAN WG1 Meeting #59b
R1-100232
Valencia, Spain, 18th -22nd January, 2010
Source: 
LG Electronics Inc.

Title:
Consideration on Uplink Backhaul Channels in LTE-A
Agenda Item:
7.5.1


Document for:
Discussion/Decision 
1. Background
There was a lot of discussion on the downlink backhaul channel design, e.g. R-PDSCH, R-PDCCH [1]. One major consideration point in the downlink channel design is a timing alignment between eNB and relay; especially in uplink backhaul design such a timing relationship between two cell-entities is far more important. We believe timing alignment issues should be discussed before discussing uplink backhaul channel design. It should be also noted that the timing alignment in both downlink and uplink are closely associated with each other and the final conclusion should not be  made individually [2].  
For the purpose of understanding timing alignment issues and impacts on the UL backhaul subframe structure, two candidates among timing proposals are briefly described in section 2. Based on discussion in the section 2, our view on possible alternatives for uplink backhaul control channels are expressed in the section 3.
2. UL backhaul subframe vs. timing alignment
According to the contributions submitted so far, there seems to be mainly two types of proposals for timing alignment between eNB and relay. As shown in Figure 1, we can firstly think that the eNB cell subframe boundary is exactly aligned with relay cell subframe boundary. Hence, the guard periods in a backhaul subframe are placed in the both ends of the subframe whose boundary is aligned with eNB subframe boundary. The other one is shown in Figure 2, in which a predefined fixed delay is applied to relay cell subframe boundary. Assuming that backhaul subframe boundary is staggered by a fixed delay with eNB cell subframe boundary, it allows all of guard periods to be located in the first part of subframe [2].  
So taking two cases into account, the UL backhaul subframe consists of either 12 (timing-aligned case) or 13 (staggered case) SC-FDMA symbols. Furthermore, in case of figure 2 scenario the last SC-FDMA symbol may not be usable for R-PUSCH due to SRS transmission by the relay. This means that the number of PUSCH symbols will be further reduced down to 12. Unlike this, in case of figure 1 scenario, SRS can be transmitted in the partial SC-FDMA symbol, avoiding additional symbol loss from SRS transmission [3]. 
Aforementioned points should be reflected to the design of data channel and control channel in uplink.
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Figure 1: Subframe boundary aligning between eNB and RN (alternative#1)
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Figure 2: Subframe boundary shifting between eNB and RN (by a fixed delay) (alternative#2)
3. UL backhaul data channel (i.e. R-PUSCH)
The UL backhaul data channel in LTE-A, so called, R-PUSCH, can be designed like LTE PUSCH channel, except that the number of available symbols used for R-PUSCH transmission may be different. However, this difference is not big issue, because it could be easily resolved by slight modification of the multiplexing chain of PUSCH transport block. This is a kind of puncturing mechanism of the last PUSCH symbol in case SRS is simultaneously transmitted in that subframe, which is being utilized in LTE. We foresee no technical issues and only slight specification impact on current LTE specification. The further enhancement of R-PUSCH design itself is FFS.
Proposal#1: The functions in PUSCH multiplexing chain (e.g. symbol puncturing) in LTE is reused as much as possible for R-PUSCH design in relay backhaul link.

4. UL backhaul control channel (i.e. R-PUCCH)
The UL control channel signaling is not associated with uplink data, transmitted independently of any uplink data transmission. For examples, HARQ ACK/NACK, CQI and MIMO feedback (PMI, RI) and SR (scheduling requests) for uplink transmission fall into this category.
The main issue is how to carry such control information via uplink backhaul resource. Before the new type of backhaul design, whether LTE control channels can be reused as backhaul control channels should be discussed with the first priority. The reason to reuse them can be easily explained in that the RN can be treated as a UE in most cases and uplink backhaul channels is not different from LTE uplink channels in essence.  
However if we consider new CQI type or MIMO feedback mode in LTE-A, CQI related control channels could be modified or newly designed. Unlike CQI related channels, the ACK/NACK and SR will be the channels which are tricky to modify them in that PUCCH format 1 design principle in LTE will be still valid for PUCCH design in the relay backhaul link. In that sense, there are desirable points when the PUCCH format 1/1a/1b in LTE is reused for R-PUCCH format in LTE-A relay backhaul link. At the same time we should keep in mind that figure 1 and 2 timing alignment scenarios needs to factored in the R-PUCCH design.
Proposal#2: it is desirable to maintain PUCCH format in LTE as much as possible for the R-PUCCH format in LTE-A relay backhaul link.

5. Summary
We briefly discussed the uplink backhaul channel design; especially for data channel (i.e. R-PUSCH and control channel (i.e. R-PUCCH). We can summarize our proposals as follows;

· For UL backhaul data channel,

· Proposal#1: it is desirable the PUSCH multiplexing chain in LTE is reused as much as possible for R-PUSCH design in LTE-A relay backhaul link.
· For UL backhaul control channel,

· Proposal#2: it is desirable to maintain PUCCH format in LTE as much as possible for the R-PUCCH format in LTE-A relay backhaul link.
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