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1 Introduction

The UL timing relation between eNB and RN was discussed in RAN1-59bis and several possible cases were identified [1]. The group was asked to discuss until RAN1#60 which cases are supported. 

The outcome of the email discussion following RAN1-59bis is summarized in this contribution. 

2 Background

At RAN1-59bis the following UL cases were identified:

· The RN backhaul UL timing follows Rel.8 timing advance procedures
· The RN should start its Un UL transmission with the SC-FDMA symbol numbered m and it should stop with the SC-FDMA symbol numbered n. 

· Here SC-FDMA symbol numbering within the subframe starts at 0
· The following cases are deemed for further consideration:
· Case 1: RN should transmit SC-FDMA symbols m=1 until the end of the UL backhaul subframe (n=13 in case of normal CP)

· This corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap

· Case 2: RN should transmit SC-FDMA symbols m=0 until the end of the UL backhaul subframe (n=13 in case of normal CP)

· This corresponds to the case when the access link UL subframe boundary is aligned with the backhaul link UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix (referred to as case 2a in this summary)
· Alternatively, this corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap and RN switching time is considered by configuring the UE not to transmit the last SC-FDMA symbol of the Uu link (referred to as case 2b in this summary)
· Case 3: RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n=12 (case of normal CP)

· This corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap 

· Case 4: RN should transmit SC-FDMA symbols m≥1 until SC-FDMA symbol n≤13 (depending on at least the propagation delay between eNB and RN and the switching time)

· This corresponds to the case where the UL eNB Rx and the UL RN Rx timing is aligned

Illustrations of the UL cases can be found in the Appendix.
3 Discussion

3.1 Case 1 

[Ericsson] No support, see case 2. 

[LGE] It can be considered as a complementary option of Case 2b (see Case 2b). 

[Mitsubishi] Support only if constraints put by Case2b on SRS transmissions are too high. 

[ZTE] Supported to complement Case 2b due to SRS consideration in access link, if RN switching is not sufficiently shorter than CP. 

[Panasonic]No support since new format for R-PUCCH without symbol #0 is necessary. 
[NNSN] Drawback is that new R-PUCCH format must be defined which cannot coexist with R8, so separate RBs for RNs and UEs PUCCH are needed. 
[LG Nortel] Supported if switching time is long.
[HW] Supported because of SRS consideration in the access link (see case 2b).
[Qualcomm]: No support. One major disadvantage is that it requires new PUCCH design.
[TI] Not supported if a new R-PUCCH design would be needed.
[ETRI] Supported.

[Samsung] Either Case 1 or Case 3 should be supported, unless the RN switching time can be less than the normal CP length and thus Case 2a can be supported. R-PUCCH ACK/NACK for Case 1 can be multiplexed in an RB with LTE CQI, if the number of required R-PUCCH ACK/NACK resources is small and thus assigning a separate RB for R-PUCCH ACK/NACK is concerned over. Also, the new R-PUCCH ACK/NACK is different from the shortened PUCCH ACK/NACK only in that the 1st symbol is punctured instead of the last symbol, which seems quite minor. 
[Motorola] Supported to allow further consideration.  Shortened UL subframes may be required for providing backhaul for some TDD UL/DL configurations (see our response to Case 4) as well as for enabling some low-complexity relay architectures as discussed in our paper R1-101119. 

3.1.1 Summary Case 1
There is some support for case 1. But there is also some concern that case 1 requires a new PUCCH format. 
3.2 Case 2a 

[Ericsson] Support this case if an LTE-A RN is able to switch significantly faster than the cyclic prefix. In general, case 2 utilises Un resources most efficiently and has least impact on Un-SRS and Un-PUCCH (if any). 

[LGE] Supported if the switching time is sufficiently shorter than CP. 

[Mitsubishi] We also believe that it should be supported only if the switching time is sufficiently shorter than CP. It can be used in conjunction with Case 2b, just by not arranging a guard period in the access uplink subframe before the backhaul uplink subframe (i.e., by not configuring the access uplink subframe as an SRS subframe or by configuring the access uplink subframe as an SRS subframe and configure UEs to send SRS in this access subframe). 

[ZTE] It depends on RAN4's response on how fast the switching would be for a realistic type 1 RN, and also on RAN1's understanding of the delay spread anticipated for the backhaul link, probably for the worst case where NLOS is dominant. 
[NEC] We believe that LTE-A Relay can switch faster than the CP length, therefore Case 2a is preferred, subject to confirmation from RAN4

[Panasonic] We should wait for RAN4 feedback whether this operation is feasible. If the cost of the switching device is increased, Case 2a is not suitable. 
[NNSN] Depends on RAN4 response. We assume short switching time will not be a baseline solution 
[LG Nortel] Supported if switching time is short enough within CP.
[HW] Supported if the switching time does not degrade the capability of the cp to handle the delay spread.
[Qualcomm]: FFS, depending on RAN4 reply.
[TI] It can be supported conditioned on RAN4 LS response and if the remaining CP length is sufficient for the expected delay spread.
[ETRI] Supportd if RAN4 confirms RN switching time can be sufficiently shorter than the cyclic prefix without increasing H/W cost.
[Samsung] Supported if RAN4 confirms that this case is feasible. 
[Motorola]  Wait for RAN4 feedback.
3.2.1 Summary Case 2a
This case is attractive due to the possible of utilizing the maximum number of UL symbols. However, there is concern if the RN can switch within the CP leaving enough time for the CP to cope the delay spread. Support should depend on the LS response from RAN4. 
3.3 Case 2b 

[Ericsson] Alternative to case 2a if RN cannot switch within CP. Again, case 2 utilises Un resources most efficiently and has least impact on Un-SRS and Un-PUCCH (if any). The usage of a Uu symbol of the RN cell for switching (case 2b) seems to be superior to the usage of a Un symbol (case 1 and case 3) since the backhaul is most probably the bottleneck of a relay-enhanced system. 

[LGE] Supported as the baseline if the switching time is not sufficiently short. This method is beneficial in that it can utilize all the SC-FDMA symbols in a backhaul subframe, which is helpful in resolving the backhaul shortage problem. It is noteworthy that this method requires RN to configure the access link subframe in front of a backhaul subframe as a cell-specific SRS subframe. This may be a limitation in the resource allocation between Uu and Un interfaces under the current specification which does not support the full flexibility in the cell-specific SRS configuration (Table 5.5.3.3-1 of TS 36.211). One possible way is to adopt Case 1, which has the same subframe timing as Case 2b and requires a shortened format in the 1st slot of a backhaul subframe, if the preceding access subframe cannot be configured as a cell-specific SRS subframe. 

[Mitsubishi] Case 2b is attractive, since it maximises the uplink backhaul efficiency. One drawback is the impossibility for RN UEs to send SRS in an uplink access subframe preceding an uplink backhaul subframe. In order to allow for sounding from RN UEs, uplink backhaul subframes must be separated by at least two uplink access subframes. 

[ZTE] Supported if RN switching time is not sufficiently shorter than CP. Need more discussions on access link SRS issue. 

[Panasonic] Supported since a new format for R-PUCCH is not necessary. Case 2b can be enhanced in order to allow transmission of SRS from the rUE. RN changes between two switching timings subframe by subframe according to the configuration of eNB cell-specific SRS. See also TDoc R1-101270. 

[NNSN]  Supported. Backhaul capacity is usually more limited than access capacity so it makes sense to use access link resources for switching time. RN may not be able to receive all periodic UL transmissions (SRS, last symbol of CQI) from UEs but we assume that it is not a big problem if RN sometimes misses SRS or CQI.
[LG Nortel] There are two restrictions, one on reading SRS and another on that UL backhaul subframe should always be configured over the very next subframe after SRS subframe. The first restriction may be O.K. but the second one should be carefully examined and need further study especially in conjunction with new SRS scheme, the number of UEs and HARQ timing.
[HW] Supported for now, but we need to clearly understand the impact to the system for not being able to use the SRS in the access link. The speed of the switching is likely dependent upon the cost of the hardware and so we see an advantage to support cheaper relays. Furthermore, in high delay spread environments, this case would be useful even if the RN can switch within a CP.
[Qualcomm]: Adopt as the baseline. The last symbol of the access link is used to capture the switching impact. SRS can still be reasonably supported on the access link.This solution is fully backward compatible, and has no impact on relay backhaul. Our contribution R1-101501 has more detailed analysis.
[TI] Can be supported but performance evaluations are required because of the impact on A/N and CQI transmissions from the UE (the last symbol of the PUCCH transmission may be lost). 
[ETRI]FFS. Case 2b imposes a restriction on the eNB/RN scheduler. RN may miss the SRS or CQI from R-UE.
[Samsung] Not supported. Case 2b requires that two consecutive subframes are UL subframes to provide the RN switching time by puncturing the last symbol in the former UL subframe configured for Uu link. This results in that the Uu last symbol is wasted without any SRS transmission from rUEs. This can be critical in TDD configurations where the number of UL subframes is just two or three even including the special subframe. 
[Motorola]  Supported.
3.3.1 Summary Case 2b
There is a lot of support for this case, especially when the RN cannot switch within CP duration. However, there is concern that using the last symbol of the Uu subframe preceding a Un subframe may significantly impact Uu performance due to missed SRS transmissions.
3.4 Case 3 

[Ericsson] No support, see case 2. 

[LGE] Not supported. 

[Mitsubishi] Not supported because RNs cannot transmit SRS to the eNB, in the same way as UEs. 

[ZTE] Not supported due to the SRS issue in backhaul link and the extra timing advance required. 

[Panasonic] Supported since a new format for R-PUCCH is not necessary. Case 3 can be enhanced in order to transmit SRS by RN. RN changes between two switching timings subframe by subframe according to the configuration of RN-specific SRS. In enhanced switching timing, RN-specific SRS is configured by eNB on the subframe immediately before the backhaul subframe. RN should set the RN cell-specific SRS without rUE-specific SRS (fake SRS)on the access link subframe immediately before the backhaul subframe. See also TDoc R1-101270. We think case 2b, enhanced case 2b, case 3 and enhanced case 3 is rather RN's operational difference. 
[NNSN] Drawback is that RN can not use last symbol of the subframe and then SRS transmission from RN is not possible.
[LG Nortel] No support because SRS from RN cannot be transmitted.
[HW] Not supported because of the SRS issue in the backhaul.
[Qualcomm]: Can be an alternative design. The last symbol of the backhaul link is used to capture the switching impact. Case 2b is preferred.

[TI] Not supported.
[ETRI] Not supported.
[Samsung] This case can be an alternative to Case 1. Case 3 does impact Uu link at all unlike Case 2b. If the adoption of new R-PUCCH ACK/NACK for Case 1 is greatly concerned, Case 3 can be selected.  
[Motorola] Not Supported 
3.4.1 Summary Case 3
There is very limited support for case 3 since the RN cannot transmit SRS. 
3.5 Case 4 

[Ericsson] Support this case if globally synchronized TDD networks are required by RAN4. Note that the TDD synchronization requirement can be relaxed by increasing the guard period, or by considering the RN-specific Tx power and deployment. 

[LGE] Supported if such an operation is required in TDD networks. 

[Mitsubishi] This case requires more symbols for the guard periods even for small eNB-RN distances (2 symbols instead of 1 for Case 2b).  On the other hand, relaxing the TDD synchronisation requirement by increasing the CP length also results in less backhaul efficiency. It also impacts other UEs in the donor eNB. Thus, Case 4 can be avoided only if the TDD synchronisation requirement can be efficiently relaxed. 

[ZTE] It depends on RAN4's response on the timing alignment requirement between donor eNB and type 1 RN(s). Our understanding is that for case 4 it might make more sense by imposing DL access link transmission and UL access link reception aligned at the RN for TDD when the global synchronization is required across all the neighboring nodes. 

[Panasonic] If network synchronization is necessary for TDD system, Case 4 should be supported. We should wait for RAN4's response whether this operation is necessary or not.
[NNSN] Tight alignment between eNB(s) and RN(s) may need to be supported depending on RAN4 response.

[LG Nortel] Support for TDD.
[HW] Supported only if globally synchronized UL is needed for TDD operation. Furthermore, we should either support it in both UL and DL or not support it. 
[Qualcomm]: FFS, depending on RAN4 reply.

[TI] Same view as Huawei.

[ETRI] It can be supported depending on RAN4 response.
[Samsung] FFS. Support of this case may be needed depending on the RAN4 response to the LS R1-100832 on the global synchronization requirement between the donor eNB and RN.
[Motorola] This case enables shortened UL backhaul subframes.  This case may be necessary to provide some non-zero backhaul capacity for some TDD UL/DL configurations e.g. UL/DL config 5 where the special subframe (e.g. with shortest DwPTS) can provide transmission gaps for carrying RN->eNB DL backhaul traffic as well as for enabling some low-complexity relay architectures as discussed in our paper R1-101119.
3.5.1 Summary Case 4
This case needs to be supported if RAN4 requires globally synchronized eNBs and RNs. 

4 Summary & Conclusion

Summary:

Case 1
There is some support for case 1. But there is also some concern that case 1 requires a new PUCCH format.
Case 2a
This case is attractive due to the possible of utilizing the maximum number of UL symbols. However, there is concern if the RN can switch within the CP leaving enough time for the CP to cope the delay spread. Support should depend on the LS response from RAN4. 
Case 2b 
There is a lot of support for this case, especially when the RN cannot switch within CP duration. However, there is concern that using the last symbol of the Uu subframe preceding a Un subframe may significantly impact Uu performance due to missed SRS transmissions.
Case 3 
There is very limited support for case 3 since the RN cannot transmit SRS.
Case 4 
This case needs to be supported if RAN4 requires globally synchronized eNBs and RNs. 
Based on the summary of the email discussion we propose to consider the proposals, see [2]:

· Case 2b shall be supported as the working assumption for FDD

· There are concerns about the impact of Case 2b on the usage of SRS and/or CQI on the access link

· Companies are encouraged to analyze the impact and evaluate the performance, especially for TDD, for the next meeting

· If impact is not acceptable, consider other RN UL timing cases

· The support of case 2a & 4 is still under consideration depending upon RAN4 inputs
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Case 2a: switch within CP duration
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Case 2b: Use last Uu symbol of RN cell 

for switching

› RN configures the Uu subframe in 

front of the Un subframe as SRS 

subframe

› RN can use PUCCH 

Relay data

PUSCH (optional)

Unusable

PUCCH

signal propagation delay

eNB UL 

subframe

relay UL 

subframe

eNB - relay subframe start time difference

= propagation delay - switching

Rx-Tx switch
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Case 3: Use last symbol for switching 

› RN can use PUCCH when eNB 

configures Un subframe in macro 

cell as SRS subframe

–

Alternatively, define R-PUCCH on 

separate RBs

› RN cannot transmit SRS to eNB

Rx-Tx switch Tx-Rx switch

signal propagation delay

eNB UL 

subframe

relay UL 

subframe

eNB - relay subframe start time difference

= propagation delay + switching time

Relay data

PUSCH (optional)

Unusable

PUCCH
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Case 4: Use first (and last) PUSCH 

symbol(s) for switching

› R-PUCCH and PUCCH on 

separate RBs

› Actual number of punctured 

symbols depends on switching 

period and propagation delay

–

Puncture last symbol if 

›

switching > propagation delay

–

1

st

symbol accounts for ~18.5km 

eNB-RN (considering 10µs 

switching)

Relay data

PUSCH (optional)

Unusable

PUCCH

Rx-Tx switch Tx-Rx switch

signal propagation delay

eNB UL 

subframe

relay UL 

subframe

global synchronization!

R-PUCCH
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