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1. Introduction
Hybrid ARQ is under consideration as one of the enhancements technique for introducing E-DCH [1]. There are some retransmission schemes for HARQ as we had already studied in HSDPA; synchronous, asynchronous and partial asynchronous [2].

In this contribution, these schemes are compared from several aspects. Also, a text proposal of comparison table is attached at the end of this document.
2. Comparison of several retransmission schemes

Firstly, the retransmission schemes on N process SAW HARQ are recalled here. 

Synchronous:

The retransmission is done N TTI after previous transmission in same process.

Partial asynchronous:

The retransmission is done (k*N) TTI after previous transmission in same process.

Asynchronous:

The retransmission can be done in any timing.

In table 1, these schemes are compared from several aspects; the requirements for soft buffer, signaling bit, etc. Some comparison results may need to be explained. Thus, the complementary explanations are added after the table as note. The comparison is done under the assumption that Node Bs directly send ACK/NACK.
Table1: Comparison of Synchronous/Partial asynchronous/Asynchronous

	
	Synchronous
	Partial asynchronous
	Asynchronous

	Soft buffer requirement
at Node B
	Smaller
(The number of buffered data waiting for the retransmission at Node B is smaller because the retransmission must be done immediately after NACK receiving at UE.)
	Larger
(The number of buffered data waiting for the retransmission at Node B may be larger because the retransmission can be postponed at UE.) (Note 1)
	Larger
(Same as partial asynchronous)

	Signalling bit requirement for New Data Indicator (NDI)
	Non SHO
	1 bit
	1 bit
	1 bit

	
	SHO
	Could be 1 bit
(If no retransmission in pre-defined timing, Node B judges the data was received correctly at other Node B and treats received data as new data after that.) (Note 2)
	More than 1 bit
(In case of 1 bit, Node B can’t judge if the received data is the retransmission data or new transmission data.)

 (Note 3)
	More than 1 bit
(Same as partial asynchronous)

	Signalling bit requirement for HARQ process number
	Non SHO
	0 bit
(The retransmission is done N TTI after previous transmission in same process.)
	Several bits to express N processes.
(Signalling is needed because the Node B doesn’t know the retransmission timing.)
	Several bits to express N processes.
(Same as partial asynchronous)

	
	SHO
	Could be 0 bit
	
	

	Interaction with remaining Tx power
at UE
	Non flexible
(The UE has to retransmit in pre-defined timing even in case of not enough Tx power. Otherwise, no retransmission and the number of retransmission is incremented)
	Partially flexible
(The UE can wait for the situation of enough Tx power with timing restriction, i.e. (k*N) TTI cycle.)
	Flexible
(The UE can wait for the situation of enough Tx power without timing restriction.)

	Transmission delay of MAC PDU
	Shorter
(due to quick retransmission.)
	Longer
(due to postponement of retransmission.)
	Longer
(Same as partial asynchronous) 


Note 1:

If the retransmission is postponed at certain UE, the Node B has to keep buffered data for the UE and simultaneously has to treat transmitted data from other UEs. Therefore, the number of UEs to be supported simultaneously may be larger.

Note 2:

However, if the Node B judges the data was received correctly at other Node B against a fact and then, the NDI for retransmission after isn’t detected, no more soft combining would be done.

Note 3:

Figure 1 explains the possibility of false combining. In case of asynchronous or partial asynchronous retransmission, 1 bit NDI causes false combining if the Node B1 and the Node B2 send NACK and ACK, respectively for Mth data and then, the Node B1 misses the NDI for (M+1)th data. The Node B1 can’t judge if the next received data is the retransmission for Mth data or new data. Therefore Node B1 may combine the received data with Mth data in soft buffer. Therefore, more than 1 bit is needed as NDI.
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Figure 1: Explanation of false combining (Asynchronous or Partial asynchronous).
3. Conclusion
In this contribution, some retransmission schemes were compared with consideration of the requirements for soft buffer, signalling bit, the remaining Tx power and the transmission delay. These results should be considered to decide the detail of HARQ. Finally, we propose to put the text proposal attached in next page into the TR.

4. References
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-------- Beginning of Text Proposal -------------

9.2.5
Comparison of retransmission schemes
Firstly, the retransmission schemes on N process SAW HARQ are recalled here. 
Synchronous:

The retransmission is done N TTI after previous transmission in same process.

Partial asynchronous:

The retransmission is done (k*N) TTI after previous transmission in same process.

Asynchronous:

The retransmission can be done in any timing.
In table 9.2.5, these schemes are compared from several points of view. Also, the complementary explanations for some parts are added after the table as note. The comparison is done under the assumption that Node Bs directly send ACK/NACK.
Table 9.2.5: Comparison of Synchronous/Partial asynchronous/Asynchronous

	
	Synchronous
	Partial asynchronous
	Asynchronous

	Soft buffer requirement
at Node B
	Smaller
(The number of buffered data waiting for the retransmission at Node B is smaller because the retransmission must be done immediately after NACK receiving at UE.)
	Larger
(The number of buffered data waiting for the retransmission at Node B may be larger because the retransmission can be postponed at UE.) (Note 9.2.5a)
	Larger
(Same as partial asynchronous)

	Signalling bit requirement for New Data Indicator (NDI)
	Non SHO
	1 bit
	1 bit
	1 bit

	
	SHO
	Could be 1 bit
(If no retransmission in pre-defined timing, Node B judges the data was received correctly at other Node B and treats received data as new data after that.) (Note 9.2.5b)
	More than 1 bit
(In case of 1 bit, Node B can’t judge if the received data is the retransmission data or new transmission data.)

 (Note 9.2.5c)
	More than 1 bit
(Same as partial asynchronous)

	Signalling bit requirement for HARQ process number
	Non SHO
	0 bit
(The retransmission is done N TTI after previous transmission in same process.)
	Several bits to express N processes.
(Signalling is needed because the Node B doesn’t know the retransmission timing.)
	Several bits to express N processes.
(Same as partial asynchronous)

	
	SHO
	Could be 0 bit
	
	

	Interaction with remaining Tx power
at UE
	Non flexible
(The UE has to retransmit in pre-defined timing even in case of not enough Tx power. Otherwise, no retransmission and the number of retransmission is incremented)
	Partially flexible
(The UE can wait for the situation of enough Tx power with timing restriction, i.e. (k*N) TTI cycle.)
	Flexible
(The UE can wait for the situation of enough Tx power without timing restriction.)

	Transmission delay of MAC PDU
	Shorter
(due to quick retransmission.)
	Longer
(due to postponement of retransmission.)
	Longer
(Same as partial asynchronous) 


Note 9.2.5a:

If the retransmission is postponed at certain UE, the Node B has to keep buffered data for the UE and simultaneously has to treat transmitted data from other UEs. Therefore, the number of UEs to be supported simultaneously may be larger.
Note 9.2.5b:

However, if the Node B judges the data was received correctly at other Node B against a fact and then, the NDI for retransmission after isn’t detected, no more soft combining would be done.
Note 9.2.5c:

In case of asynchronous or partial asynchronous retransmission, 1 bit NDI causes false combining if the Node B1 and the Node B2 send NACK and ACK, respectively for Mth data and then, the Node B1 misses the NDI for (M+1)th data. The Node B1 can’t judge if the next received data is the retransmission for Mth data or new data. Therefore Node B1 may combine the received data with Mth data in soft buffer. Therefore, more than 1 bit is needed as NDI.
-------- End of Text Proposal -------------
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The value of left box expresses New Data Indicator and the right box expresses data on which E-DCH is. SN is sequence number.







Note that this doesn’t mean that we propose NDI is signaled with in-band.
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