3GPP TSG-RAN WG2 Meeting #69bis
R2-102460
Beijng, China, 12 – 16 April 2010
Agenda item:

7.3
Source:
Samsung
Title:
Delay reduction gain of CB access
Document for:

Discussion and Decision
1
Introduction
In this document we would like to question based on very simple analysis whether it is likely that a basic CB-PUSCH scheme will bring any delay reduction.

2
Assumption
In this contribution we assume the simplest approach as so far proposed by several proponents, i.e. the MAC transmits the data once on CB-PUSCH and then discards the data; retransmissions are handled by RLC ([1]).

We have made following further assumptions in the analysis:

	Parameter
	Value
	Comment

	Normal dedicated transmission
	
	

	1. HARQ failure rate for normal transmissions
	10%
	

	Residual HARQ failure after maximum transmission
	0.1%
	For simplicity, max retransmission limit is assumed as 2, where 10% failure rate is assumed per retransmission.

	2. HARQ retransmission delay
	8ms
	

	3. Size of first alloc after D-SR
	100Bytes
	Allocation sufficient for BSR and some data; expected to be reasonable in low load situations

	4.Size of second alloc after D-SR
	…900Bytes
	I.e. whatever needed with max 900Bytes (eNB can allocate based on information received in BSR)

	5. D-SR periodicity
	5ms
	

	CB-PUSCH case
	
	

	6. CB-PUSCH failure rate (no collisions assumed)
	10%
	Probably optimistic given that the CB-PUSCH allocation is not UE specific

	7. RLC retransmisson delay
	40ms
	 Assuming 30 msec t-PollRetransmit and 10 msec transmission delay

	8. Size of CB-PUSCH transmission
	25Bytes
	2 RB’s with conservative MCS

	9.Size of dedicated allocation
	…900Bytes
	I.e. whatever needed with max 900Bytes (eNB can allocate based on information received in BSR)

	10. CB-PUSCH allocation period
	Every TTI
	

	11. Max number of CB-PUSCH tx
	4
	Conform explanation by proponents in RAN2#69, it is assumed that the UE will use CB-PUSCH transmissions up to receiving the first dedicated UL grant. This would lead to max 4 CB-PUSCH transmissions.

	12. Collision rate
	No collisions assumed
	


Furthermore we have not considered any transmissions with probability less than 1%, i.e. after two normal HARQ retransmisisons or 2 CB-PUSCH transmissions the data is considered to be successfully received.

3
Analysis 
If we have no extensions (i.e. Rel-8 behaviour), the average delay for a transmission of 100Bytes would be:


- Average waiting time for D-SR:







2.5 ms


- Delay including UL transmission:







9ms

- Average HARQ retransmission delay
:





10% * 8 + 1% * 16 + 0.1% * 24 ms = 0.96 ms

- Average RLC retransmission delay:






0.1% * 40 = 0.04 msec
Tot
al:
12.5 ms

For transmissions of size 500-1000 Bytes, an additional allocation is made subsequently based on the BSR received in the first UL transmission. This will result in the following additional delay:
- Delay up to next UL allocation after first UL grant:








8ms

- Average HARQ retransmission delay + RLC retransmission:





1 ms



















Total extra: 9 ms

For the CB-PUSCH case, the first 100bytes would purely be handled by the 4 CB-PUSCH transmissions:


- Delay for 4 CB-PUSCH transmissions:





8 ms


- Average retransmissions delay (1-0.9^4) * 40ms


13.8ms



















Total: 21.8ms
 

If the UL transmission exceeds 100bytes, an additional dedicated allocation will be required. Although this could cause additional delay to the average calculation for the 100B case (especially if the BSR transmission requires a retransmission), we ignore this impact for now.
Above analysis shows that if we have 100B or more, CB-PUSCH does not seem to bring any real gains. One could wonder if the situation is different if we have a very small transmissions. E.g. :

· Assuming compressed TCP ACK is 5 ~ 7 byte, the MAC PDU size required for containing TCP ACK without segmentation is about 13 ~ 15 byte( 5 ~ 7 + 2 (PDCP header) + 2 (RLC header) + 3 (MAC subheader + C-RNTI MAC CE ) + 1 (MAC subheader)). 

· Assuming 13 ~ 15 byte MAC PDU can be sent in a single CB-PUCCH transmission,
If we do the delay calculation for 13 ~ 15 byte data transmission, Rel-8 would result in 12.5 ms again as calculated above, and the CB-PUSCH approach would result in:


- Delay for 1 CB-PUSCH transmission:




5 ms 

- Average retransmissions delay 10% * 40ms



4 ms


















Total: 9 ms

Thus in this case CB-PUSCH is in principle still able to provide some gains. We may consider to enhance the second part by using e.g. local NACK, which will reduce the total delay further down to 6 msec [2].
Figure 1 shows the calculated average delay in ms for 15B, 100B, 500B and 1000B UL transmissions.
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Figure1: Delay calculations (ms on y-axis, bytes on x-axis)

4 Conclusion 
We have shown that the currently proposed CB-PUSCH scheme is unlikely to bring any delay reduction except for the very specific case where small data is transmitted in a single CB-PUCCH transmission. 

Enhancements could be made to improve the situation but are expected to introduce considerable complexity, e.g. CB-PUSCH HARQ retransmissions could be enabled in parallel to dedicated on going HARQ (re-)transmissions. This is expected to bring significant complexity e.g. to HARQ process management, and HARQ buffer management in the UE.
It is proposed to discuss whether CB-PUCCH transmission should be enhanced to handle wide spectrum of scenarios or just to handle a specific scenario.
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