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1. Introduction
Several differences will exist between the HARQ configuration for the 2ms and 10ms TTI: 

· the biggest difference will be the number of HARQ processes running in parallel (probably 4 versus 7);

· Per MAC-e PDU, with the same power margin, significantly less bits can be transported in the 2ms TTI case compared to the 10ms TTI case.

Given these restrictions, it is clear that in many cases not all the HARQ processes that need a retransmission will be able to perform this retransmission after the TTI change. 

The simplest solution seems to be just to abort/flush all ongoing HARQ processes that still have retransmissions outstanding at the TTI change. Aborting these transmissions will lead to an increase in the HARQ residual error ratio. The impact of this increase at system level will be different dependant on whether RLC-AM or RLC-UM is used:

RLC-AM:
For the RLC-AM case, it is assumed that a sporadic HARQ loss will not have any severe consequences, since RLC-AM can take care of the required retransmissions. Thus no impact on the SDU error ratio is expected, only a slight increase in service delay.

RLC-UM:
For RLC-UM the situation is different, since any loss at HARQ level will automatically result in a loss at service level.

In this contribution we will focus on the case of HARQ loss due to TTI change while using RLC-UM.

In section 2 we will try to estimate what the increase of the residual SDU error ratio would be if we just abort all HARQ processes at a TTI change.

Since it is assumed that the calculated SDU error ratio increase might be to large for certain cases, section 3 looks at how this situation can be improved.
2. SDU loss rate increase due to HARQ abort at TTI change

In order to calculate this SDU loss rate increase, we will first have to make some assumptions on how often a TTI change would realistically occure.This question is quite depedent on how we utilize different TTIs in the actual system. As a simple scenario, it is conceivable that cells are both capable of 2ms TTI and 10ms TTI and the TTI of the specific UE is determined by whether UE is in SHO region or not. It means that UE would be configured with 2ms TTI in a good channel situation, otherwise UE would be configured with 10ms TTI. In this scenario, UE may experience two TTI changes if the UE moves from Cell A to Cell B as can be seen in figure1. 
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Figure 1. Possible scenario about the utilization of TTI 
Under this assumption, we calculated how often TTI change would occure. If cell planning is ideal, the distance is from cell A to cell B is 2*sqrt(3)/2*R. Thus the period between TTI changes is calculated roughly as following.

	UE mobility

Cell radius
	3km/h
	30km/h
	100km/h

	50 m
	51.9s
	5.2s
	1.55s

	100m (Distance = 173m)
	103.8 s
	10.4 s
	3.1s

	1km (Distance = 1.73km)
	103.8 s = 17min
	104s
	31s


Table1. the period between TTI changes
From table 1, we can obseve that the period between TTI changes is variable from 1.55s to 17minutes depend on the UE mobility and cell radius. However, we think that it is not appropriate for RNC to change the TTI every second since it results in a high signalling overhead. 
Secondly, we calculate the increase of residual BLER due to the abort of HARQ process at TTI reconfiguration. As mentioned in section1, packet data which remains in the soft buffer at TTI change and need to retransmit would be discarded at TTI change and it would increase the residual BLER. 
Some parameters are assumed as following.
· TTI change periodicity : 10s

· Number of process : 7 for 2ms and 4 for 10ms

· Maximum number of transmissions : 2 for 2 and 10ms 

	Initial BLER
	# of processes
	TTI (ms)
	Average loss
	TTI change periodicity (s)
	Residual
BLER increment (%)

	30.00%
	7
	2
	1.62
	10
	0.042

	30.00%
	4
	10
	0.92
	10
	0.120

	50.00%
	7
	2
	2.33
	10
	0.070

	50.00%
	4
	10
	1.33
	10
	0.200

	95.00%
	7
	2
	3.41
	10
	0.133

	95.00%
	4
	10
	1.95
	10
	0.380


Table2. Residual BLER increment due to abort of HARQ process at TTI change
According the calculation, even if we assume that the TTI change is limited to once per 10 seconds, in case of 2ms TTI the increase of the residual BLER is at most about 0.1 % but in case of 10ms TTI, it is observed that the residual BLER is larger than 0.1 %.  If the inter-TTI-change period is reduced, of course the BLER will increase proportionally.
This increase should be compared to the SDU error ratio requirement for services mapped on RLC-UM: 

· [1] assumes an SDU error ratio of 10E-4 for AMR streaming. However, streaming should be somewhat delay tolerant and could be mapped to RLC-AM.
· [3] indicates that the current speech codecs (AMR-NB and AMR-WB) provide acceptable speech quality with a BLER of up to 1%. 

· [2] in general indicates for conversational services an SDU error ratio requirement ranging from 10E-2 to 10E-5. 
It is clear that an increase in residual BLER of 0.1-1% is not acceptable for the lower error rates. Therefore we assume that RAN2 should attempt to avoid such BLER increments.
3. How to lower the SDU loss rate increase

When we focus on E-DCH traffic using RLC-UM, it is assumed that the delay requirement for this traffic will be quite severe (otherwise the UTRAN would be using RLC-AM), in the order of maximum 20-40ms. As a result, several options to decrease the SDU loss rate increase are not considered usable. This includes solutions like:
· Restarting the HARQ transmission after the TTI change from scratch, possibly with resegmenting the MAC-e PDU;

· Stopping all initial transssions at a time T before the TTI-change, where T is chosen such that transmissions starting before T can still complete their configured maximum number of retransmissions before the TTI-change.

Although these solutions can improve the situation for delay tolerant, we assume that this type of traffic is sufficiently handled by RLC-AM. 
For RLC-UM traffic with delay requirements of 20-40ms or even less, the only thing that seems to be improve the situation is to continue with the HARQ transmissions whenever possible. Thus:


2ms ->10ms TTI change

· Processes 0,1,2,3 continue with required re-transmissions after the TTI change;
· Processes 4,5,6 are aborted. Any ongoing transmissions are lost;

10ms -> 2ms TTI change

· Processes 0,1,2,3 continue with required re-transmissions after the TTI change when possible;

There might be several reasons why in the 10ms ->2ms TTI change case, it is not possible to continue with the ongoing HARQ transmissions:

· The UE might have insufficient HARQ process memory to continue with the ongoing HARQ transmissions. E.g. if equal HARQ memory partitioning amongst processes is configured, it is clear that with a 2ms TTI, each processes will have less HARQ memory compared to the 10ms TTI case.
· If a very large MAC-e PDU was in the process of being transmitted, the puncturing limit might not allow the MAC-e PDU to fit in a 2ms TTI transmission. 
Note that regardless whether the UE decides to abort or continue ongoing HARQ transmissions, this will never lead to a desynchronisation between UE and UTRAN, since a new HARQ transmission can always clearly be distinghuished by the Node-B based on the RSN.
If we compare the proposed behaviour with the UE behaviour of always aborting all HARQ processes, the proposed behaviour has the following benefits:



2ms -> 10ms TTI change

· 57% reduction in HARQ residual error rate;


10ms -> 2ms TTI change

· depending on the MAC-e PDU size, up to 100% reduction in HARQ residual error rate;
4. Proposal
It is proposed to agree that the UE shall at a change of TTI, continue as much as possible with the ongoing HARQ processes. This means:

2ms ->10ms TTI change

· Processes 0,1,2,3 continue with required re-transmissions after the TTI change;

· Processes 4,5,6 are aborted. Any ongoing transmissions are lost;


10ms -> 2ms TTI change

· Processes 0,1,2,3 continue with required re-transmissions after the TTI change when possible;
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