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1 Introduction
In [1] we presented the TTI reordering as an approach for improving the loss of data during DRX cycles combined with selective combining. We further showed that this approach combined with the approaches from [4] would lead to a solution for long measurement gaps in DRX cycles. It further has to be stated that applying TTI reordering never worsens the performance if there is only one radio link available or if there is selective combing with other measurement cycles than the here presented.
In this document we further clarify the advantages of this approach and show simulation results where we also compare it to the soft combining. 
2 Simulation Results
For the simulations we used a pedestrian B channel at 3 km/h. The detailed simulation assumptions are shown in Annex A. We assume the NodeBs to be loosely synchronized (within ±10 ms).
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Figure 1: Results for selective combining with DRX cycles of 20 ms every 320 ms applying selective combining without and with optimal TTI reordering (blue dashed and solid line), soft combing without reordering (red solid line). For reference the curves without DRX having 1 radio link and having 2 links soft combined are shown (black dash dotted lines).
From Figure 1 the following results can be obtained:

· Using a measurement ratio of around 1/16, soft combining and selective combing with TTI reordering achieve the same link level performance.
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Figure 2: Results for selective combining with measurement ratios of 1/8 (40 ms measurement gaps every 320 ms). The black dash dotted curve again serves as reference showing the result with one link and no measurement gaps or two soft combined links respectively. Applying soft combining we obtain a bad performance due to the loss of half a TTI on both links every fourth TTI (red solid line). The same applies for selective combining without TTI reordering. Selective combining including TTI reordering gains a lot from the fact that the whole TTI information is received from at least one of the two links.
If a DRX ratio of 40 ms every 320 ms is applied the following observations can be made (see Figure 2):
· In case of 40 ms measurement gaps every 320 ms, a straight forward soft combing shows a similar bad performance as selective combining without TTI reordering. 
· Selective combining with TTI delivers a better performance than one link without DRX.
3 Summary
In this document we presented further link level results where we compared selective combing including TTI reordering and soft combing. The following conclusions can be drawn:
· Having 40 ms measurement gaps at a TTI length of 80 ms, selective combining together with TTI reordering is a solution.

· The same statement can also be concluded for the case of 20 ms measurement gaps using 40 ms TTI although no curves are shown here. Again, one half of a TTI is lost during measurement gaps.
· If the ratio of gap to TTI length is around one fourth (80 ms TTI and 20 ms measurements, or 40 ms TTI and 10 ms measurements) soft combing and TTI reordering with selective combining lead to a similar performance.

· Selective combining with TTI reordering never worsens the performance of a single link system and never has a worse performance than selective combining without TTI reordering

· Soft combining performance could be improved by TTI reordering as well. However, this would exceed the memory of the UE for high data rates (surely 128 or 256 kbps) due to soft channel bit buffering. 
The following ongoing is proposed:
· We propose to include the attached text proposal in Annex B (it is a resubmission from the text proposal in [1] + 1 further figure with simulation results) into the TR 25.803 as a solution for DRX gaps in those areas of a cell where selective combining can be applied.
· Since measurement gaps of one half of the TTI length were not excluded in the last joint RAN1/RAN4 meeting, and also 40 or 80 ms TTI for FACH are valid options in the current specification, TTI reordering should be specified and integrated into the respective technical specifications. The network then can choose to use large measurement gaps and TTI reordering or short measurement gaps without TTI reordering.
· Introduction of additional MBMS specific Sinterseach_mbms and SsearchRATm_mbms parameters in TS 25.304 (as explained in [4]) should be considered in combination with TTI reordering for MBMS as this would give network operators the flexibility to adjust (separately from CELL_FACH users having no combining) when measurement occasions are activated for MBMS users, i.e. how long the full combining gain should be used and when the combining in conjunction with TTI reordering should help maintaining MBMS QoS during UE measurements on other frequencies or RATs.
· We propose to prepare an LS for RAN2/3 to start work on the respective protocol and network issues there.
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Annex A

Table 1  Link level simulation assumptions

	Parameter
	Value

	User data rate
	128 kbps

	S-CCPCH slot format
	12 (sf=16)

	Transport block size
	10240

	TTI length
	80 ms

	CRC length
	16

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	S-CCPCH Ec/Ior
	varies from -9 to -3 dB

	OCNS
	varied to sum total Ec/Ior to 0 dB

	STTD
	off

	Selective/Soft combining
	Case dependent

	Geometry
	-3 dB

	Number of rake fingers
	equal to # of channel taps, 
maximum of 6 fingers in case of soft combining

	Channel estimation
	from CPICH

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes

	DRX gap distance
	320 ms

	DRX gap length
	20ms or 40 ms


Annex B: Text Proposal for TR 25.803 v1.3.0, MBMS TTI reordering 

=============== start of text proposal, new section 4.3.2 ==================

4.3.2
TTI reordering
TTI reordering (scrambling) is an enhancement for Release-6 PtM MBMS. It is applied together with selective combining and allows to compensate the losses due to DRX cycles used for measurements.

4.3.2.1 General Description

Two cases are differentiated. First is that one fixed reordering sequence is always used and second is that the reordering sequences are chosen randomly out of one set. The first should be applied if the time offset of two different Node-Bs is known with an accuracy of around ±40 ms. The second should be applied in the case that two Node-Bs which are used for selective combining by a UE are not time aligned. 

In Table 4.3.8 applicable reordering sequences are shown. The length of each sequence equals the measurement period and each sequence is a permutation of the four TTIs named A,B,C,D. The sequences are grouped into four different sets and a set consists of four sequences. In practice a set is used by different Node-Bs within the network to scramble the MBMS data. Sets are constructed in such a way, that with SC it is always possible to recover the loss due to measurement gaps of one radio link on the other radio link, if both links use different reordering sequences of the set and the time shift between both links is small.

	
	Set 1
	Set 2
	Set 3
	Set 4

	Sequence 1
	ABCD
	ABCD
	ABCD
	ABCD

	Sequence 2
	BADC
	BADC
	CADB
	DABC

	Sequence 3
	CDAB
	DCAB
	BDAC
	CDAB

	Sequence 4
	DCBA
	CDBA
	DCBA
	BCDA


Table 4.3.8: Reordering sequences for TTI reordering
For the first case (one fixed reordering sequence) one example is shown in Figure 4.3.11. The MBMS content is transmitted in the order {a,b,c,d} where “a” to “d” are consecutive S-CCPCH MBMS TTIs. It repeats every fourth TTI. For the second Node-B always four TTIs are re-ordered {b,a,d,c} according to the second sequence of the Set 1. It can be seen that in case of reordering all content is received from at least one radio link. A third and fourth Node-B would use the residual two sequences from the set 1.
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Figure 4.3.11: Example for MBMS TTI reordering if the Node-Bs are time aligned.
For the second case (TTI shift of different Node-Bs is unknown) it may happen that the MBMS content is lost. However this depends on the time shift between the two different Node-Bs. A random choice of sequences leads to an average reduction of TTI losses on both radio links.
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Figure 4.3.12: Example for MBMS TTI reordering if the shift of the second Node-B is unknown. The bad shift shows that content “b” is always lost, the good shift shows that all content are obtained from at least one link, the applied random sequence shows that content “b” is lost only once.

From 4.3.12 it can be seen that if random sequences are applied the rate of lost contents on both links can be reduced (in this example by a factor of four) compared to a bad shift. However, this rate is now independent from the shift and we do not have “good” or “bad” shifts anymore. In the example the Set 2 of the shown reordering sequences in Table 4.3.8 has been used. Other Node-Bs could use other sets.

4.3.2.2 Performance results for pedestrian B channel

The following link level assumptions have been used for the results shown in Figures 4.3.13 and 4.3.14.

	Parameter
	Value

	User data rate
	128 kbps

	S-CCPCH slot format
	12 (sf=16)

	Transport block size
	10240

	TTI length
	80 ms

	CRC length
	16

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	S-CCPCH Ec/Ior
	varies from -9 to -3 dB

	OCNS
	varied to sum total Ec/Ior to 0 dB

	STTD
	off

	Selective combining
	on

	Geometry
	-3 dB

	Number of rake fingers
	equal to # of channel taps

	Channel estimation
	from CPICH

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes

	DRX gap distance
	320 ms

	DRX gap length
	20 ms, 40 ms or 80 ms


For the simulations we used a pedestrian B channel at 3 km/h. Although the time shift between the two links can be arbitrary we show the results for the case that the TTIs are time aligned and for the case that there is an offset of half of the DRX gap length. The second leads to an erasure of one half (fourth) of two consecutive TTIs instead of one full (half) TTI in the case of DRX length 80 ms (40 ms). The two cases are seen as the two boundary conditions.
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Figure 4.3.13: Results for selective combining with DRX cycles of 80ms every 320 ms applying random (time shift is not known, blue dashed) or optimal interleaver (time shift is known, green solid). For each interleaver two curves are shown, the second (with diamonds, noted “o40”) assumes that the time shift of the second link is half of the DRX length (here 40 ms), i.e., not one TTI is lost entirely, but two consecutive TTIs are lost half. The curves for one link with and without DRX and for 2 links without DRX are shown for comparison.
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Figure 4.3.14: Results for selective combining with DRX cycles of 40 ms every 320. The same description as in Figure 4.3.13 is valid, the curve for the second interleaver (with diamonds, noted “o20”) assumes a shift of 20 ms due to the shorter DRX length. 
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Figure 4.3.15: Results for selective combining with DRX cycles of 20 ms every 320 ms applying selective combining without and with optimal TTI reordering (blue dashed and solid line), soft combing without reordering (red solid line). For reference the curves without DRX having 1 radio link and having 2 links soft combined are shown (black dash dotted lines).

The following conclusions can be drawn from the simulations:

· With one link the error rate can not be less than 0.25 with a DRX length of 80 ms. This can be reduced with two random links but the performance is still poor.

· If a mobile is at a cell border where conditions are quite bad and if the timing of the two Node-Bs is known, the measurement length could be extended to 80 ms every 320 ms applying the respective reordering sequences.

· With one link and a DRX length of 40 ms the error rate does not saturate. Especially if a UE is closer to the Node-B (geometry factor increases to values > 0 dB) the desired BLER of 10-2 can be reached.

· If a measurement gap of 40 ms every 320 ms is applied and the proposed random sequences are applied a high gain compared to one link can be achieved. This gain can be further improved if a time alignment of ±40 ms and TTI reordering according Figure 4.3.11 using the sequences from one of the sets in Table 4.3.8 are applied. The loss compared to selective combining without DRX is in the range of 1 dB.

· Using a measurement ratio of around 1/16, soft combining and selective combing with TTI reordering achieve the same link level performance if the network is loosely synchronized (within one half TTI) as can be seen in Figure 4.3.15.

4.3.2.3 UE impact analysis

Due to the applied reordering sequences the RLC buffer has to store the respective TTIs accordingly before they can be re-ordered. Only sequences are proposed which have a maximum length of 4 TTIs which leads to a storage time of 320 ms. In the case of selective combing with 2 RL using a 256 kbps service this leads to an RLC buffer size of 20 kBytes (320 ms * 256 bits/ms * 2 RLs) needed for TTI reordering.
=============== end of text proposal, section 4.3.2 ==================

