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1. Introduction 

During the DL cooperative retransmission as shown in Figure 1, the transparent relay node first overhear and decode the first transmission from eNB, then if a NACK from the UE is captured by RN, the RN will send the retransmission data in the same subframe and same RBs as eNB sends the retransmissions. The signal from eNB and RN will be combined at the receiver, this leads to increased chance of retransmissions success and reduced number of retransmission.
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Figure1. DL cooperative retransmission
Many contributions[1][2] have been submitted to discuss different aspects of DL cooperative retransmission including some refinements on the design. However, some issues still exist and need to be discussed:

· How does the RN complete the adaptive HARQ for compatibility?

· How does the RN complete the retransmission when PDCCH varies? 

This contribution is to further show some discussions about the issues above.

2. DL adaptive retransmission

For LTE downlink, adaptive HARQ is configured. That means the configuration for retransmission e.g. MCS, resource allocation…will be declared in PDCCH during the subframe for retransmission, instead of be sent at a predetermined time known to the RN. For completing the adaptive HARQ by RN, some solutions proposed:
· RN should overhear and decode the PDCCH during the subframe for retransmission and retransmit in the PDSCH of same subframe. 
· Sending a control message from eNB to RN some e.g. one subframe ahead of retransmission to inform the configuration for retransmission. 

(a) As shown in Figure 2, RN will overhear and decode the PDCCH during the subframe for retransmission, and then, RN will complete PHY process and retransmission following the DCI received for TB which need to be retransmitted. There might be little gaps between receiving and transmitting at RN for avoid self interference. However, after overhearing and decoding PDCCH, there could hardly be enough time to complete PHY process e.g. channel coding, rate matching… and retransmission during the same subframe.
Pros:   no overhead and delay increasing.
Cons:  difficult to implement for process period.


[image: image2.emf]PDCCH Retransmission

overhear 

and  decode 

PDCCH

Retransmission

G

A

P

eNB

RN

one subframe for retransmission 

Time

F

r

e

q

u

e

n

c

y

 


Figure2. DL adaptive retransmission with overhearing PDCCH
(b) As shown in Figure 3, eNB will send a control message to RN some e.g. one subframe ahead of retransmission to inform the PHY configuration for retransmission. RN should receive and decode the control message before PHY process, and this leads to additional overhead and delay.
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Figure3. DL adaptive retransmission with predefined control message
· eNB could send control message on PDCCH of subframe N+n as shown in Figure 4. RN should receive during PDCCH but no effect on the following symbols, so RN could overhear or forward during PDSCH as normal. 

Pros:   RN could overhear or forward during PDSCH as normal.

Cons:  additional overhead and delay during HARQ; and possibly need to change for new DCI format. 
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Figure4. Predefined control message on PDCCH
· eNB could also send control message on PDSCH of subframe N+n as shown in Figure 5. RN should receive during PDSCH instead, so that RN can not transmit DL data to UE in same subframe for avoid self interference[3]. 

Pros:   can reuse traditional DCI format.

Cons: additional overhead and delay during HARQ; and subframe N+n can not be set for transmission from RN to UE.
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Can not transmit to other UEs


Figure5. Predefined control message on PDSCH
3. DL non adaptive retransmission
If non adaptive HARQ is configured, transmitter PHY will process and transmit as same as first transmission. For support Rel-8 UE, eNB will send DCI as normal, thus in fact the configuration included in DCI might have no difference from first transmission. In evidence there will be no additional overhead and delay, however, for LTE the number of PDCCH symbols might vary from subframe to subframe, that might lead interference between eNB and RN during cooperative retransmission if the number of PDCCH symbols changed between first and retransmission subframe. 

Pros:   no additional overhead and delay.

Cons:  can hardly be implemented if number of PDCCH symbols changed. 

4. DL semi-adaptive retransmission
As shown in Figure 6 and 7, the procedure of such transparent Type II RN for DL semi-adaptive retransmission would be as follows: 

-   After capture NACK from UE, RN would start the PHY process and get ready for retransmission without waiting for any dedicated control message from eNB. During PHY process, RN estimates all of the possible number of PDSCH symbols (based on possible number of PDCCH symbols) for retransmission, such as (11, 12 or 13), and then RN would separately process rate matching to satisfy every possible number of PDSCH symbols.

-   After rate matching, RN would keep on PHY processing without changing modulation scheme to generate OFDM signals in several possible cases. 

-   RN would overhear PCFICH at the beginning of the subframe for retransmission to get the truth number of PDSCH symbols (based on truth number of PDCCH symbols).

-   RN would choose a matched OFDM signal from those possible cases and retransmit to UE on PDSCH of subframe for retransmission. 
DL semi-adaptive retransmission does not include any dedicated control message from eNB to RN, and subframe can be configured as normal. 

This solution leads to additional parallel PHY process, however at most only 3 cases for LTE. Besides, especially when the subframe for retransmission has only 1 PDCCH symbol, because of necessary gap, UE could only receive from eNB on few REs so that the receiver can not get the increased gain from signal cambined on those REs.

Pros:     no additional overhead and delay; and no effect on subframe configuration and usage; 
Cons:   additional complexity increasing on RN; in only 1 PDCCH symbol case, gain from signal combined is possible limited. 
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Figure6. DL semi-adaptive retransmission
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Figure7. PHY process for DL semi-adaptive retransmission
5. Conclusion

In this contribution, we had discussed several solutions for DL cooperative retransmission, such as adaptive, non-adaptive and semi-adaptive retransmission. We prefer semi-adaptive retransmission to resolve those issues of DL cooperative retransmission.

Pros:   no additional overhead and delay; and no effect on subframe configuration and usage. 

Cons:  additional complexity increasing on RN; in only 1 PDCCH symbol case, gain from signal combined is possible limited. 
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