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1 Introduction
In RAN1 58bis, we discussed the necessity of the R-PHICH assuming that a synchronous UL HARQ protocol as in Release 8 is used [1]. Based on the HARQ protocol perspective and overhead perspective, we do not identify the need to specify a R-PHICH. However the SPS behaviour without R-PHICH is not clarified in previous contribution. In this document, we clarify the SPS behaviour without R-PHICH. Therefore, section 2.2 is clarified/re-written on this aspect. The remaining sections are identical to [1]. This is a resubmission document of R1-095012.
2 Discussion
2.1 Alternative 1: Using separate PHICH as ACK/NACK
In alternative 1, the HARQ mechanism is identical to Release 8.

In Release 8 a separate R-PHICH as ACK/NACK signal is specified. The R-PHICH either triggers a non-adaptive retransmission (NACK) or suspends transmissions for the HARQ process until a R-PDCCH for the same HARQ process is received (ACK). It should be noted that the content of the R-PHICH is ignored if it coincides with the reception of a R-PDCCH. The R-PDCCH either indicates a new transmission by a toggled NDI or a retransmission by a non‑toggled NDI. The procedure is shown in Figure 1.
For this alternative we identify the following pros and cons: 
Pros 
· Low overhead in case of synchronous non‑adaptive HARQ protocol. 
 Cons

· New R-PHICH allocation design located within the PDSCH region is necessary (similar to the R-PDCCH)
· Complicated interaction between PHICH and PDCCH
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Figure 1. Procedure of Release 8 HARQ mechanism applied to UL Backhaul (non-SPS case)
2.2  Alternative 2: Operation without PHICH
In alternative 2, retransmissions are always scheduled by R-PDCCH. The R-PDCCH indicates new transmissions by a toggled NDI and retransmissions by a non-toggled NDI. If a UE does not receive an UL R-PDCCH, the UE enters "suspend" status (equivalent to Release 8 "PHICH=ACK" with no PDCCH in Rel-8) until a new UL R-PDCCH for that HARQ process is received. The procedure is exemplified in Figure 2.
In the Release 8 UL SPS case, a single assignment is given for periodic transmissions of a new transport block in order to reduce the overhead of PDCCH.  For retransmissions, the UE detects PHICH and PDCCH 4 subframes after the SPS PUSCH transmission. In case a NACK on PHICH or NDI=1 on PDCCH scrambled by SPS-C-RNTI is detected, the UE will generate retransmission (on the same resources as the first transmission or on the signalled resources, respectively). So the HARQ principle for UL SPS is the same as for non-SPS UL: In the absence of a PDCCH, the PHICH determines suspension or non-adaptive retransmission, while an adaptive retransmission requires a PDCCH. If we operate the system without the R-PHICH, the lack of R-PDCCH means suspension. Therefore SPS retransmissions for RN can be carried out by NDI=1 on R-PDCCH scrambled by SPS-C-RNTI no matter whether an R-PHICH exists or not. When RN receives the R-PDCCH scrambled by C-RNTI in same HARQ process number of initial transmission of SPS, RN transmits the dynamically scheduled data, which can be new or not depending on the NDI toggle status. 
For this alternative, whether SPS is employed or not, we identify the following pros and cons: 
Pros 
· No radio resource for R-PHICH is necessary
· No procedure to associate UL transmissions with an R-PHICH index required

· Simple HARQ protocol
Cons

· Potentially larger overhead (see section 2.3 for detailed analysis).
For each retransmission, a R-PDCCH is necessary.
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Figure 2. Procedure of UL Backhaul HARQ mechanism without R-PHICH (non-SPS case)
2.3 Impact of overhead of R-PDCCH and R-PHICH
The necessity of a PHICH has been extensively discussed when the designing Release 8 UL HARQ protocol. The main gain of the PHICH in Release 8 is to reduce the DL control overhead for UL synchronous retransmissions. From a HARQ protocol perspective a R-PHICH is not needed. 
Therefore, we should discuss the overhead of R-PDCCH and R-PHICH in detail. 
(1) Frequency of usage of R-PHICH (NACK) without R-PDCCH (UL scheduling).
The potential overhead reduction with a R-PHICH operation depends on the frequency of usage of R-PHICH (NACK) without R-PDCCH (UL scheduling) for triggering retransmissions and on the BLER operating point. In the case of a larger BLER and mainly having non-adaptive retransmission, the overhead reduction could be significant.
For the backhaul, adaptive UL retransmissions may be required more frequently than for the access UL for the following reason: For UL access link the RTT is 8 ms, whereas it is not possible to always keep 8ms RTT for the UL backhaul because non-MBSFN subframes (i.e., subframes 0, 4, 5 and 9) occur with 10ms periodicity. If then RNs have 10 ms RTT and the d-UEs have 8 ms RTT, non-adaptive retransmission from a d-UE can easily collide with non-adaptive retransmission from RNs. This is shown in Figure 3. For similar reasons, we think that increased resource fragmentation is another effect of a 10 ms RTT for the RN. Consequently, the eNB is frequently required to indicate new resources for UL retransmission by the R-PDCCH. The usability of R-PHICH (NACK) without R-PDCCH would be restricted to only few opportunities.
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Figure 3 collision between retransmission from RN and retransmission from d-UE
(2) The number of CCEs of R-PDCCH and the number of RNs
For the access link, the PHICH usage is efficient to reduce the overhead since the required number of aggregated CCEs per PDCCH to cell edge UE is large. 
For the backhaul link, the required number of aggregated CCEs per R-PDCCH to the RNs is assumed to be small (e.g. 1 or 2 CCEs) since the RN position is static and the backhaul link is assumed to be stable. In additional, we assume that the number of RNs per cell would be less than 10. Therefore, the total R-PDCCH overhead on the backhaul is assumed to be smaller than the PDCCH overhead for UEs.
(3) Calculation of overhead of R-PDCCH and R-PHICH
Figure 4 and Figure 5 show the R-PDCCH and R-PHICH overhead for alternatives 1 (R-PHICH + R-PDCCH) and 2 (R-PDCCH only) for a 10MHz system bandwidth and 4 RNs. The calculation details are shown in the Annex. 
As discussed earlier we assume a relatively low BLER on the backhaul even for UL and a small number of aggregated CCEs per R-PDCCH. For alternative 1 we consider different probabilities for applying adaptive retransmissions, i.e. probabilities for using a R-PDCCH for triggering retransmissions. 
Figure 4 and Figure 5  show that for a given BLER operation point the overhead difference between alternative 1 and 2 is very small (< 0.60%). Moreover, alternative 2 (PDCCH only) actually causes less overhead than alternative 1 (PHICH + PDCCH) in many cases, especially if considering a reasonably large probability of adaptive retransmissions.
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Figure 4 Overhead of R-PDCCH and R-PHICH (1 CCE per PDCCH)
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Figure 5 Overhead of R-PDCCH and R-PHICH (2 CCEs per PDCCH)

3 Summary
In this contribution we discuss the necessity of R-PHICH for the backhaul link. We clarify the SPS retransmitting behaviour without R-PHICH in this contribution. The clarification of SPS behaviour does not change the conclusion in [1]. Therefore, we propose not to have PHICH for RN backhaul.
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Annex
[Parameters]
	The number of REs per R-PHICH  
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	The number of REs per CCE 
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	The number of REs per RB（normal CP）
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	Channel bandwidth 
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	Transmission bandwidth configuration 
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	The number of REs per channel bandwidth 
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	The number of CCEs per R-PDCCH   
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	The number of RNs 
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[Assumptions]

· Number of retransmissions is limited to one.

· Overhead does not include DL R-PDCCH.
· Alternative 1: Using separate PHICH as ACK/NACK


overhead (%)
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· Alternative 2: Operation without PHICH


overhead (%)

[image: image15.wmf]R-PDCCHCCE

RNCCERE

RB

RBRE

***(1)

*100

 * 

NNNBLER

NN

+

=


5
1
3GPP


_1316325696.unknown

_1316326197.unknown

_1316348970.unknown

_1316349585.unknown

_1316348599.unknown

_1316348969.unknown

_1316326056.unknown

_1316325750.unknown

_1315999663.vsd
ACK


R-PHICH
ACK or NACK


NACK


retransmission
on same RB


Is there 
UL R-PDCCH?


Yes


No


End


NDI is toggled?


transmission
new data
on scheduled RB 


Yes


retransmission
on scheduled RB


No


Start


suspending



_1315999786.vsd
Start


Is there 
UL R-PDCCH?


Yes


No


End


NDI is toggled?


transmission
new data
on scheduled RB 


Yes


retransmission
on scheduled RB


No


suspending



_1315898309.unknown

_1315910080.vsd
Subframe N


d-UE1


Frequency


Time


RN1


d-UE2


Subframe N+2


d-UE3


d-UE4


d-UE5


d-UE6


Subframe N+10


Resource collision
RN1 and d-UE4


d-UE4


d-UE5


d-UE8


RN1


Non-adaptive retransmission
(RTT = 10 ms)


Non-adaptive retransmission
(RTT = 8 ms)


Non-adaptive retransmission
(RTT = 8 ms)


Non-adaptive retransmission
(RTT = 8 ms)



_1315898263.unknown

