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1 Introduction

The DL 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 DL cases were identified:

· The RN can receive Un DL transmissions starting with OFDM symbol numbered m and it can stop receiving with the OFDM symbol numbered n. 

· Here OFDM symbol numbering within the subframe starts at 0

· k is equal to the number of OFDM symbols used for the L1/L2 control region at the RN access

· The following cases are deemed for further consideration:

· Case 1: RN can receive the DL backhaul subframe starting from OFDM symbol m=k+1 until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is longer (> cyclic prefix) and RN DL access transmit time is slightly offset with respect to DL backhaul reception time at the RN 
· Case 2: RN can receive the DL backhaul subframe starting from OFDM symbol m=k until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is sufficiently shorter than the cyclic prefix and RN DL access transmit time is aligned to the DL backhaul reception time at the RN 
· Case 3: RN can receive the DL backhaul subframe starting from OFDM symbol m≥k until OFDM symbol n<13 (depending on the propagation delay and the switching time)

· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions

· Case 4: RN can receive the DL backhaul subframe starting from OFDM symbol 0 until OFDM symbol n=13-(k+1) 

· This corresponds to the case when RN can receive the normal PDCCH.

Illustrations of the DL cases can be found in the Appendix.
3 Email Responses 
3.1 Case 1 

[Ericsson] No support if RN can switch within CP (case 2) 

[LGE] Supported if RN switching time is not sufficiently shorter than CP. 

[Mitsubishi] Same comment as LGE: Supported if RN switching time is not sufficiently shorter than CP. 

[ZTE] Supported if (1) RN switching time is not sufficiently shorter than CP; (2) no tight alignment is required between donor eNB subframe timing and type 1 RN subframe timing. 

[Panasonic] Supported if RN switching time is not sufficiently shorter than CP. Note that the switching time may be a RN capability issue in our view, so we may need to support this case even if some RN can switch very quickly (see also our response to Case 2)
[NNSN] Supported. Backhaul efficiency in terms of the number of available symbols is maximised in this case.

[HW] Supported. 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.
[TI] Supported.

[ETRI] Supported.

[LG Nortel] Support if switching time is long.
[Qualcomm] Adopt as the baseline. A slight timing offset is introduced at RN. The switching impact is captured by one symbol in the backhaul. Our contribution R1-101500 contains more detailed analysis.
[Samsung] Supported as a baseline, unless any strict RAN4 requirement is to be defined such that the RN switching time shall be sufficiently less than the normal CP length.
[Motorola] Supported
3.1.1 Summary Case 1
There is a lot of support for this case, especially when the RN cannot switch within CP duration. 

3.2 Case 2 

[Ericsson] 802.11 device are able to switch in less than 2us, see Table 17-15 of 802.11-2007 and I got indication that it is possible for an LTE-A RN to switch faster than CP. So support this case since it utilises Un resources most efficiently, it has least impact on RSs, and it best supports MBSFNs. 

[LGE] Supported if RN switching time is sufficiently shorter than CP, i.e., if the CP part remained after the switching is able to absorb the delay spread of the channel. One way to coexist Case 1 and Case 2 is to include the RN switching time in the RN capability list and configure the OFDM symbols used in backhaul subframe in consideration of RN and eNB PDCCH size and the switching time. 

[Mitsubishi] We also believe that the RN switching time should be short enough in order to keep a CP which is long enough with respect to the channel delay spread. A semi-static configuration (Case 1 or Case 2) depending on RN capability could be a solution to avoid wasting symbols for a useless guard period while keeping sufficient robustness with regard to the environment. 

[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. It seems that the potential of case 2 is based on the assumption that the L1/L2 control region of donor eNB spans less than 3 OFDM symbols, which matches the length of L1/L2 control region of the RN. Otherwise, #2 OFDM symbol could hardly be used for backhaul transmission.

[Panasonic] Switching time may be related to the RN transmission power but we'd like to wait for RAN4's conclusion. We think to support both Cases 1 and 2 depending on the RN capability is a good approach.
[NNSN] Depends on RAN4 response. We assume that short switching will not be a baseline solution so we think this option should not be prioritized.

[HW] We think that this case could be optionally supported if the switching time does not reduce the capability of the cp to handle the delay spread too much.

[TI] same view as Huawei, support is conditioned on RAN4 reply and 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.

[LG Nortel] Best case if switching time is short enough.
[Qualcomm] FFS, depending on RAN4 reply.
[Samsung] Support of this case can be considered after receiving RAN4 confirmation that the RN switching time can be less than the normal CP length.
[Motorola]  Wait for RAN4 feedback.
3.2.1 Summary Case 2

This case is attractive due to the possible of utilizing the maximum number of DL symbols. However, there is concern if the RN can switch within the CP leaving enough time for the CP to cope with the delay spread. Support of case 2 should depend on the LS response from RAN4. 
3.3 Case 3 

[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] We share the same view with Ericsson. If TDD synchronization requirement is relaxed such that the backhaul link propagation delay is within the relaxed requirement, then Case 1 and/or Case 2 can be adopted 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 1).  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 3 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). Here we like to differentiate "synchronization" and "time alignment" for general purpose, e.g., not only for TDD, so that "synchronization" refers to clock synchronization at OFDM symbol level, while " time alignment" means the time offset tolerance at the subframe boundary. In FDD, the RN can be claimed as "synchronized", but with multiple OFDM symbols of time offset at the subframe boundary. 

[NEC] We believe that LTE-A Relay can switch faster than the CP length, therefore Case 2 is preferred, subject to confirmation from RAN4.

[Panasonic] We agree that the need depends on global synchronization of TDD. We think that whether or how the TDD synchronisation requirement can be relaxed needs more consideration. 
[NNSN] This may need to be suppported depending on RAN4 response. In this case the number of available OFDM symbols for backhaul depends on distance between DeNB and RN and it may complicate the specification. 

[HW] Support this case only for the TDD networks if globally synchronized TDD networks are required. Our view is that if you do this, you should do it for both the DL and the UL. If you do it only for the DL, then you would still need to either eat into your GP margin or increase the GP to support the relay. Thus, only doing this for the DL will reduce the downlink backhaul capacity and still impacts the GP.
[TI] Only supported if it is absolutely necessary for TDD.
[ETRI] It can be supported depending on RAN4 response.

[ALU] ALU supports Case 3 with the provision of guard period on the 1st and last symbol due to timing uncertainty.
[LG Nortel] Support in TDD
[Qualcomm] FFS, depending on RAN4 reply.
[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 in cases of TDD. 

[Motorola] This case may be necessary to provide some non-zero backhaul capacity for some TDD UL/DL configurations e.g. UL/DL config 0 where the special subframe (e.g. with shortest DwPTS) can provide transmission gaps for carrying eNB->RN DL backhaul traffic.
3.3.1 Summary Case 3

This case needs to be supported if RAN4 requires globally synchronized eNBs and RNs. 

3.4 Case 4 

[Ericsson] Support for PDCCH re-use. Note that this case is not relevant when progressing the R-PDCCH design. 

[LGE] Not supported because several OFDM symbols in the end of a backhaul subframe are lost by this option. This symbol loss degrades the backhaul link efficiency and impacts RS sutructure. 

[Mitsubishi] Not supported because the number of punctured OFDM symbols is high (2 or 3 symbols). It will also result in a misalignment of several OFDM symbols between uplink and downlink subframes at the RN, even for small eNB-RN distances. Hence, a larger guard period between DL and UL subframes will be required in TDD. 

[ZTE] Not supported considering the serious interference issue in TDD, inefficient backhaul transmission and Rel-9/10 DMRS issue due to the excessive timing advance required. 

[Panasonic]Not supported for the following reasons.
- The number of available OFDM symbols for R-PDSCH is reduced.
- To support DM-RS requires a more different design than what is required to support Case 3
[NNSN] Not supported.

[HW] We are highly concern about the capacity hit on the system performance. However, we are open to consider this case for FDD if many companies think that there is some value in supporting it for cases of relay deployment where, e.g., coverage extension is the main goal.
[TI] Not supported.
[ETRI] Not supported.  
[LG Nortel] No support because of two restrictions. Firstly, more overhead is expected because entire 3 symbols are going to be lost. Secondly, either this scheme will cause more self interference between UL backhaul subframe and UL access subframe or separate R-PUCCH should be configured (See R1-101029).  
[Qualcomm] No support, as detailed in our contribution R1-101499.
[Samsung] Support of this case is not convinced if either or both of Cases 1 and 2 is to be supported. Same concerns as raised by Panasonic. 
[Motorola] Supported for further consideration.  We think this is feasible and allows Rel-8 PDCCH reuse for eNB-RN control.  We understand this leads to lower backhaul capacity compared to e.g.  Case 1 above.  However, this case may be useful for some relay deployments like the coverage extension example Huawei cited.
3.4.1 Summary Case 4

There is concern about the efficiency of the Un link. Case 4 may be useful for coverage extension scenarios. 
4 Summary & Conclusion

Summary:

Case 1
There is a lot of support for this case, especially when the RN cannot switch within CP duration.
Case 2
This case is attractive due to the possible of utilizing the maximum number of DL symbols. However, there is concern if the RN can switch within the CP leaving enough time for the CP to cope with the delay spread. Support of case 2 should depend on the LS response from RAN4.
Case 3 
This case needs to be supported if RAN4 requires globally synchronized eNBs and RNs.
Case 4 
There is concern about the efficiency of the Un link. Case 4 may be useful for coverage extension scenarios.
Based on the summary of the email discussion we propose the following, see [2]:

· Case 1 shall be supported and is the baseline scenario

· The support of case 2 & 3 is still under consideration depending upon RAN4 inputs

· Case 4 is FFS
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Case 1: Switch within first symbol 

› Punctured symbol can be used for 

eNB L1/L2 control if 

–

eNB L1/L2 control region > 

RN L1/L2 control region 

› 2 symbols have to be punctured if 

–

eNB L1/L2 control region < 

RN L1/L2 control region

relay DL 

subframe

(MBSFN)

Tx-Rx switch

eNB - relay subframe start time difference 

= propagation delay + switching

signal propagation delay

L1/L2 control

Relay allocation PDSCH (optional)

Unusable

eNB DL 

subframe

Rx-Tx switch
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Case 2: switch within cyclic prefix 

› First symbol has to be punctured if 

–

eNB L1/L2 control region < 

RN L1/L2 control region 

relay DL 

subframe

(MBSFN)

Tx-Rx switch

eNB - relay subframe start time difference 

= propagation delay

signal propagation delay

eNB DL 

subframe

Rx-Tx switch

L1/L2 control

Relay allocation PDSCH (optional)

Unusable
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Case 3: Switch within (first and) last  symbol

› Actual number of punctured symbols 

depends on switching period and 

propagation delay 

–

Puncture first symbol if 

›

RN control region > eNB control 

region OR if

›

switching > propagation delay

–

1 symbol accounts for ~18km eNB-RN 

distance considering 10

µ

s Rx-Tx 

switching

relay DL 

subframe

(MBSFN)

Tx-Rx switch

global synchronization!

signal propagation delay

eNB DL 

subframe

Rx-Tx switch

L1/L2 control

Relay allocation PDSCH (optional)

Unusable
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Case 4: offset to re-Use PDCCH

relay DL 

subframe

(MBSFN)

Tx-Rx switch

signal propagation delay

eNB DL 

subframe

Rx-Tx switch

L1/L2 control

Relay allocation PDSCH (optional)

Unusable

eNB - relay subframe start time difference 

= k symbols + switching
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