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1
Background
In the RAN1#61 meeting UL timing options were agreed ‎[1]. Supported timing options are case 2b, modified case 2a and modified case 4. In the RAN1#61bis meeting WF on Un PUCCH resources was agreed ‎[2]. In this contribution we discuss about issues related to those decisions and some other open issues in UL backhaul design.
2
UL timing cases
In UL timing case 2b, switching time between tx and rx is taken into account in the access link. Last symbol of the subframe in the access link before switch to backhaul UL is dropped. All the SC-FDMA symbols of the subframe are available for backhaul. As described in ‎[4] shortening of the access link can be done by configuration methods that currently exist for R8 UEs.

The modified timing case 2a is relevant for TDD. In this case the guard period of the special subframe is shortened to take into account switching time between TX and RX in the RN. 

In the modified 4 timing case the number of symbols, that are available for backhaul transmission, depends on the distance between DeNB and RN and the switching time in the RN. If the inter site distance between DeNB and RN is smaller than 5.1 km (assuming switching time of 17us in the RN) then symbols #0 - #12 are available for backhaul transmission. If the distance is between 5.1km and 16.3km then all the symbols of the subframe are available for backhaul. If the ISD is larger than 16.3km then symbols #1 - #13 are available in the backhaul or alternatively number of symbols in the access link need to be reduced by more than one symbol. Because UL timing modes are supported are supported without modifications to RAN1 specifications “modified 4” case can only be supported if ISD is less 16.3km. 

3
Multiplexing of R-PUCCH from RNs and PUCCH from macro UEs
As agreed in ‎[2] PUCCH resources for A/N corresponding to Un PDSCH assigned by R-PDCCH are semi-statically configured by higher layers and there is no dynamic mapping between R-PDCCH and Un UL A/N. Semi-static configuration of A/N can be done in the same way as semi-persistent A/N configurations in the R8. This configuration should be done before R-PDCCH is used i.e. when RN is in UE mode.
In the timing case “modified 4” a shortened backhaul subframe may have to be used as explained above. For PUCCH format 2/2a/2b a short format does not exist so CQI should only be sent together with PUSCH. Short format 2/2a/2b like proposed in ‎[3] would be useful. In the timing cases when periodic PUCCH format 2/2a/2b is useful, there is a similar configuration issue as with SR i.e. backhaul subframes format 2/2a/2b subframes can not necessarily be configured to be compatible, but the same method as mentioned above can be used here.
Almost all the timing cases are such that all the symbols of the subframe are available for backhaul and then there is no problem to multiplex PUCCH from RNs and PUCCH from macro UEs to the same PRB. The only exception is timing case 4 with short distance. In this case R-PUCCH may need to be located in a different PRB than PUCCH from macro UE in order to maintain orthogonality of PUCCHs in the same PRB. DeNB can configure the backhaul subframe to be SRS subframe and naturally also RNs follow this configuration so DeNB has methods to implement different multiplexing strategies and no specific rules are needed here but it can be left for DeNB implementation.
4
SRS in the Un
SRS from RNs is transmitted by using the same resources as the ones that macro UEs are using. Configuration of SRS in the Un should then be compatible with macro UEs i.e. time, frequency, hopping etc. configurations should be done with the same parameter set that is used for macro UEs. Like with other periodic UL transmission also SRS subframe configuration for the relay may not be compatible with UL backhaul subframe configuration. Similarly as has been agreed for scheduling request, RN should send SRS only in backhaul subframes according to the RN specific SRS configuration. In order to be compatible with macro UEs, RN should maintain the hopping status of different parameters and the UL backhaul subframe just triggers the transmission.
If the last symbol of the subframe is dropped, SRS from RN is not possible. One way of enabling SRS also in this case is to configure two consecutive subframes as backhaul subframe. In this case Un SRS from the first subframe should be possible.
5
UL multi antenna transmission in the backhaul
R10 SU-MIMO may be supported with RNs in the same way as with UEs. The quality of backhaul link is typically quite good and relays are stationary so relatively slow feedback channel is sufficient. According to the agreements of R10 UL SU-MIMO, uplink DM RS in the backhaul is precoded in the same way as PUSCH and SRS is used as non-precoded reference. If SRS from RN is not available at all in the backhaul (e.g. in UL timing case 4) then SU-MIMO should not be used. UL multi antenna transmissions require modifications in DL control signaling like new DCI formats and the exact changes are not yet known. However new DCI format(s) and blind decoding complexity should not be significant issues for relays.
Conclusion

UL timing case “modified 4” can only be used if ISD between RN and DeNB is less than 16.3km 
SRS transmissions from RNs should be compatible with SRS from macro UEs; SRS hopping pattern should not be disturbed by unavailable backhaul subframes. SRS can be configured by using existing R8/R9 parameters and SRS from RN should be transmitted only in backhaul subframes.
UL multi antenna transmission can be supported in the backhaul
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