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1. Introduction
A RAN1 contribution in Miyazaki (R1-093593) discussed the necessity of R-PHICH. The contribution showed that for a small number of relays, R-PHICH is neither essential for UL HARQ operation nor does it help in reducing control channel overhead. This contribution discusses the R-PHICH necessity in view of indoor relay use case (R1-094303) that could potentially have up to 100 Relays per cell. 
2. RPHICH

RAN1 contribution R1-093953 discussed R-PHICH and reached the following conclusions: 

· PHICH is not required for UL HARQ operation 

· PHICH reduces control channel overhead by enabling retransmissions with low control channel overhead.
· R-PHICH is not required for UL HARQ operation when the following conditions apply : small number of relays per cell, low initial transmission BLER on UL, and small number of CCEs per UL grant
While the observations of R1-093953 are correct, it is subject to the assumption of an improved backhaul quality as well as small number of relays per cell. If the R-PDCCH design is targeted towards such a high number of relays (e.g. up to 100 indoor relays), then the control channel overhead comparisons should be re-evaluated. Furthermore, with such a high number of relays/cell, it is not clear if the backhaul quality or relay placement can be fully optimized, thus leading to increased backhaul control channel resources, e.g. up to four CCEs per RPDCCH. 

Figures 1 and 2 plot the “R-PHICH+R-PDCCH” vs. “R-PDCCH only” cases as in R1-093953 for 100 RNs/cell and with 2 CCE R-PDCCH and 4 CCE R-PDCCH. Two values of BLER for initial uplink backhaul transmission are considered ~ 1% and 10%. Following are the conclusions:
· If the initial transmission BLER is very small (i.e. 1%), then HARQ retransmissions are less likely and therefore R-PHICH may not be required and in fact a “RPDCCH only” design is sufficient.

· If the initial transmission BLER is relatively high (e.g. 10%), the control channel overhead savings with the R-PHICH can range from ~5% for the case with good backhaul (R-PDCCH occupying 2 CCEs) to ~15% (R-PDCCH occupying 4 CCEs).  The savings reduce with more adaptive retx.
3. Conclusions

The R-PHICH overhead saving was compared for large number of indoor relays and with less efficient backhaul quality.  Following are the conclusions

· For relatively small number of relays per cell R-PHICH can be avoided by including PHICH (HARQ) information in UL Grant while still achieving low control overhead.  
· For large number of relays serviced per cell (e.g. 100) R-PHICH can be useful to reduce control channel overhead. However, if low BLER is expected on relay backhaul then R-PHICH overhead should not be a concern even in this case.
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Figure 1. R-PHICH Overhead comparison for 2 CCEs. 

[image: image2.png]R-PDCCH 4 CCEs

195 T T T T
—=—R-PHICH + RPDCCH 10% BLER
—=2— RPDCCH-only 10% BLER
—e—R-PHICH + RPDCCH 1% BLER
190} —e—RPDCCH-only 1% BLER

Overhead

170

i i i i
0 02 04 06 08
Percentage of using R-PDCCH for retransmission




Figure 2. R-PHICH Overhead comparison for 4 CCEs. 
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