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1 Introduction

In [1] – [3] we presented the TTI reordering as an approach for improving the loss of data during DRX cycles combined with selective combining. In [3] we showed additionally the effect of power saving of an UE in case of selective combining together with TTI reordering. Furthermore we concentrated on the FACH state only.
In RAN1#39 we received an LS from RAN2 [6] which states that UEs are in CELL_FACH state for only a short period of time, and that this is normally used as a transition state. Thus, we also concentrate on PCH state and idle mode.
Furthermore in RAN1#39 it was agreed that FACH length will be 10 ms and 20 ms only while the MTCH length will be 40 ms and 80 ms. After discussion with colleagues from RAN4 we assume that the typical time needed for inter-frequency and/or inter RAT measurements will be in the range of 1/8 to 1/16 of the overall time.

In this document we show the advantages of TTI reordering under the above assumptions. We present new sequences which are optimized for the shorter FACH lengths. Furthermore, these sequences can be applied if there is a synchronization of one TTI + one slot between the Node Bs (decided to be used for soft combining). However, if there would be a synchronization of up to one frame + one slot which was defined in [7] as “MBMS Simulcast Accuracy 2” and deemed possible for a cluster of Node Bs of the same RNC, reordering sequences with higher power saving gain are introduced. Currently RAN3 discusses the time alignment of transport channels to 20 ms boundaries [9]. This alignment could be used for a better synchronization of MBMS serving cells and thus we consider also a synchronization of two frames + one slot in this document.
2 Assumptions on measurement occasions and frequency
2.1 Cell FACH state 

In the FACH state the UE has to monitor the FACH (forward access channel) in the DL continuously and inter frequency and inter RAT measurements have to be performed periodically. The length of the measurement occasion is the length of the largest TTI (transmission time interval) on the S-CCPCH monitored by the UE and the measurement occasion occurs periodically every 2k TTIs (details see [5], section 8.5.11 and [4], section 8.4.2). For MBMS it has been agreed that the largest TTI used on FACH will be 20 ms.

Table 1: FACH Measurement Occasions based on a longest TTI of 10 or 20 ms
	TTI length [ms] 
Measurement Duration
	10
	10
	10
	10
	20
	20
	20
	20

	K
	3
	4
	5
	6
	2
	3
	4
	5

	Measurement Period [ms]
	80
	160
	320
	640
	80
	160
	320
	640


Furthermore the used TTI length for the MBMS will be 40 ms and 80 ms only. From discussion on the needed measurement time, it turned out that 1/8 or 1/16 of the overall receiving time will probably be needed for measurement.

This makes the following scenarios most probable:

· 40 ms TTI for MBMS and 10 ms measurement every 80 or 160 ms, i.e., from every 2nd or 4th TTI with MBMS 10 ms (1/4 of the respective TTI) are lost.

· 40 ms TTI for MBMS and 20 ms measurement every 160 or 320 ms, i.e., from every 4th or 8th TTI with MBMS 20 ms (1/2 of the respective TTI) are lost.

· 80 ms TTI for MBMS and 10 ms measurement every 80 or 160 ms, i.e., from every or every 2nd TTI with MBMS 10 ms (1/8 of the respective TTI) are lost.

· 80 ms TTI for MBMS and 20 ms measurement every 160 or 320 ms, i.e., from every 2nd or 4th TTI with MBMS 20 ms (1/4 of the respective TTI) are lost.

In the further document we concentrate on cases where every second TTI carrying MBMS is DRXed due to a FACH measurement occasion (these are marked bold in the above bullets). However the sequences work well also for cases where every 4th TTI carrying MBMS is DRXed (e.g., 40 ms TTI with 10 ms measurement every 160 ms). Finally it is to mention that the power saving issue works well for all possibilities (even for 80 ms TTI and 10 ms measurement every 80 ms!).

2.2 PCH state and idle mode
In PCH state the UE has to listen to the paging indicator channel (PICH) only. This has to be done according to the DRX cycle length. This means that you have to listen for less than 10 ms to the PICH every DRX cycle length.
The TTI reordering has in PCH state the advantage that decoding of a TTI being transmitted first from one of the two links is sufficient if there is no CRC error. Thus, it is not needed to receive the same TTI a second time from the later of the two links. This leads to gaps where the UE does not have to receive at all since the UE has got all information from one of the links. These gaps can then be used for measurements or switching the UE off while the PICH can in general be read in parallel during receiving the MBMS information.
3 Reordering sequences
We searched for sequences which have the properties of the lowest possible number of TTIs which are DRXed in Cell FACH state on both links and we searched for sequences which allow a power off of the UE as much as possible in all states (CELL_FACH, PCH state and idle mode).

We investigated in sequences with length of 12 TTIs and using tuples of length 4 (due to memory requirements in the UE). In the following if we speak of a tuple we always mean a set of 4 TTIs which are numbered by ABCD. In order to allow a good network planning a set of four Node Bs is needed. 

3.1 Sequences for Node Bs being synchronized up to 2 frames + 1 slot
Investigations turned out that sequences with the following properties can be obtained:

1. As long as the Node Bs are synchronized, at maximum 2 TTIs out of 12 are DRXed on both links although 6 TTIs are DRXed on each link (marked with red letters in Figure 1)

2. If all TTIs can be received on both links at the first occurrence it is possible to switch off the UE for 6 TTIs since all 12 TTIs are received on either of the two links within 6 TTIs. This means, with this sequences the UE switches only off if the TTI which occurs first in time is received correctly. Otherwise the UE tries the second occurrence.

3. These properties are independent of the Node B number (i.e., it does not matter which two out of the 4 sequences are taken

4. The delay is at maximum 4 TTIs, i.e. every four received blocks we have the information ABCD from both links (principle of tuples of length four due to memory constraints in the UE).

5. The UE can be switched off two times for two consecutive TTIs within the length of 12 TTIs (see Figure 2). In one of the three tuples the UE does not have to receive the 2nd – if the 1st block has been received correctly from both Node Bs – and 4th block – if the 3rd block has been received correctly from both Node Bs. In the two other of the three tuples the UE does not have to receive the 3rd and 4th block – if the 1st and the 2nd have been received correctly from both links. 

6. If the UE could perform the needed measurements within 5 of the 6 possible DRX gaps, all TTIs can be received without a gap from at least one link. In Figure 1 one can see, if we would not perform measurements during the 5th or 6th possible gap we would receive the red marked TTI A and C once fully.
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Figure 1: Example of the ordering sequence and the loss due to DRX (property 1). We show it for a gap length of ¼ every second TTI containing MBMS (e.g., 10 ms gaps every 80 ms using 40 ms TTI on MTCH). One can see that in the first and second tuple each TTI is received fully on one link and a part is lost (DRXed) on the other link (at time instance one, A and B are received from Node B1 and Node B2 with ¼th being lost due to DRX, on time instance two we receive B and A fully from Node B1 and Node B2). In the third tuple one can see that ¼ of TTI A and C is lost on both links (marked with red letters))
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Figure 2: Possible time instances where the UE can be switched off if all TTIs have been received correctly from two Node Bs (property 2 and property 5) at a previous time instance.
Table 2: A possible set of sequences which fulfils all 6 properties.
	Sequence
	TTI no. 1 to 4
	TTI no. 5 to 8
	TTI no. 9 to 12

	Node B1
	ABCD
	ABCD
	ABCD

	Node B2
	BADC
	DCBA
	CDAB

	Node B3
	CDAB
	BADC
	DCBA

	Node B4
	DCBA
	CDAB
	BADC


The properties shown above are valid for synchronized Node Bs. They change slightly if there is a shift of up to 2 frames + 1 slot. In the following we show the changes if there is a shift of one frame (in brackets a shift of two frames) between the two serving Node Bs.
· The power saving is reduced slightly. Due to the shift it takes one (two) frame(s) until the result of the later link is received. For the used optimum sequences this corresponds to 4 (8) frames every 12 TTIs or every 3 tuples ( Maximum power saving is reduced from 50% to 42% (33%).

· If there is a shift of up to two frames between the two Node Bs it may happen dependent where the measurement gaps occur that the number of TTIs which are partly DRXed on both links increases to four out of 12 TTIs. This leads to a performance loss of less than 0.3 dB in FACH state where we have the fixed measurement gaps. There is no loss of performance in PCH state.
3.2 Sequences for Node Bs being synchronized by 1 TTI + 1 slot
The sequences from Section 3.1 have in case of a high shift of the two serving Node Bs the disadvantage that the possible switching off is reduced to 2 TTIs out of 12 and that up to 4 blocks may be DRXed on both links if there is a shift of one TTI. Thus, we optimized for sequences which have good properties if there is a shift of up to one TTI of different Node Bs. It turned out that we achieve at maximum the following properties. 

1. In general – independent of the shift – exact 3 of the 6 possible DRXed parts are DRXed on both links in FACH state.

2. Under good channel conditions without CRC errors the UE can be switched for at least of 3 TTIs out of 12.

3. The above two conditions are independent of the serving set of the two NodeBs

4. The number of possible switched off TTIs increases up to 4 if the Node Bs are synchronous. However, this is dependent on the set of the two serving NodeBs., in detail this increase is obtained for 4 out of the 6 possible combinations if we choose 2 from the 4 Node Bs.

Table 3: One possible set of sequences with good performance and good power saving properties for Node Bs which are shifted up to ±1 TTI to each other.
	Sequence
	TTI no. 1 to 4
	TTI no. 5 to 8
	TTI no. 9 to 12

	Node B1
	ABCD
	ABCD
	ABCD

	Node B2
	ADCB
	DCBA
	CBDA

	Node B3
	BDAC
	BDAC
	DCAB

	Node B4
	CDBA
	CADB
	DBAC
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Figure 3: Example of the ordering sequence and the loss due to DRX. Red marked on Node B2 (synchronous and shifted) are those links which are DRXed on Node B1 as well (explanation of property 1).
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Figure 4: Possible time instances where the UE can be switched off if all TTIs are received correctly from two Node Bs (blue lines denote the border of a tuple! The partial red bars in Node B1 denote which TTI can be switched off dependent on the shift of Node B2 (properties 2 and 4).

4 Simulation Results
In the following we present results for a FACH TTI length of 10 ms using an MBMS TTI length of 40 ms with a cycle length of 80 ms. We show balanced links and imbalanced links with difference of 3 dB in the geometry.
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Figure 5: Link level results for selective and soft combining using 40 ms TTI and an overall measurement time of 1/8 of the receiving time (both links having a geometry of -3 dB). The green curve shows soft combining in the synchronized case. The blue and red curves show selective combining with TTI reordering, the blue has a fixed 10 ms DRX every 80 ms (FACH state), the red curve shows the performance without fixed measurement gaps (PCH state, idle mode). The numbers show the percentage which can be used for measurements (additionally to the 10 ms every 80 ms in case of blue curve) or for switching the UE off.
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Figure 6: The same as Figure 5 but now with geometry -3 dB of one link and -6 dB of the other link.

If the network is not synchronized with 1 frame but with one TTI we apply the sequences as shown in Table 3. Concerning the performance there is no difference in PCH state and there is a small loss in the FACH state (up to 0.2 dB) due to the fact that we have now 3 out of twelve TTIs which are DRXed on both links (instead of 2). 
Furthermore there is a reduction of the possible power saving of the UE which is decreased from a maximum of 50% (independent of the 2 serving links) to a range of 25% (worst case) to 33% (dependent on the two serving links). 

4.1 Summary of the simulation results

In this document we presented further link level results where we compared selective combing including TTI reordering and soft combing. Furthermore, the CELL_PCH and idle state were considered. Also link imbalance was investigated.
· Having measurement gaps of one half of the TTI length, selective combining together with TTI reordering outperforms soft combining. We showed results for 40 ms TTI MBMS at 20 ms measurements every 160 ms in [3].
· 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) selective combining with TTI reordering outperforms soft combining in PCH state or idle mode.
· Selective combining with TTI reordering gives a lot of flexibility to the UE concerning measurements and the possible switching off of the UE. This is even valid for cases where 80 ms MBMS TTIs and 10 ms measurement gaps are used.
· Link imbalance does not lead to a loss of selective combining with TTI reordering compared to soft combining.

5 General conclusions and further ongoing

With the proposed sequences in PCH state and idle mode it turned out that selective combining with TTI reordering outperforms soft combining, especially in cases where we have a loss of more than 25% of a specific MBMS TTI. Additionally we have a power saving in idle mode, FACH and PCH state of up to 35% and the freedom of performing measurements in a more flexible way (e.g. up to full 160 ms in one piece) in the PCH state and idle mode.
Furthermore, it was shown that the performance gain compared to soft combining is valid up to a link imbalance of 3 dB. 

Consequently from these advantages we propose to include TTI reordering with the sequences shown in Table 2 and Table 3 in the specifications and suggest the following way forward:

· Siemens volunteers to prepare the respective CRs in RAN2 including the applicable reordering sequences.
· We prepared a draft LS for RAN2 to RAN4 in [8] to indicate the potential gain of TTI reordering shown in numerous contributions/simulations 
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Annex A

Table 4  Link level simulation assumptions

	Parameter
	Value

	User data rate
	128 kbps

	S-CCPCH slot format
	12 (sf=16)

	Transport block size
	5120

	TTI length
	40 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 -8 to -2 dB

	OCNS
	varied to sum total Ec/Ior to 0 dB

	STTD
	Off

	Selective/Soft combining
	Case dependent

	Geometry
	-3 dB (and -6 dB with link imbalance)

	Number of rake fingers
	equal to # of channel taps, 
maximum of 6 fingers is used

	Channel estimation
	from CPICH

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes

	DRX gap distance
	80 ms

	DRX gap length
	10 ms


