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1. Introduction

Selective combining has been chosen to be applied for the MBMS. Furthermore, the most reasonable approach for doing measurements and monitoring in MBMS is to apply DRX cycles in the UE. Up to now the main idea to recover the losses was to apply a higher error protection for channel coding or to perform re-transmissions. In this contribution, we provide another means how to improve decoding and how to recover the losses obtained through DRX cycles if selective combing is applied.
2. Measurements in DCH and FACH state

To support mobility in a mobile radio network a UE has to make continuously handover measurements in idle as well as in connected mode. Therefore in UMTS (FDD) a so-called compressed mode (CM) was introduced to enable the UE doing inter-frequency and inter (RAT) measurements also during a running dedicated channel (DCH) connection without needing a second receiver. 

With the introduction of MBMS for UMTS Release 6 the problem occurs, that the S-CCPCH (the physical cannel used by MBMS) does not support compressed mode. Therefore in case the UE has a dedicated connection it is obvious, that the S-CCPCH frame in presence of (DL) CM, where the UE performs measurements, will suffer from loss of MBMS data carried over S-CCPCH. The amount of loss depends on the length of the gaps, the frequency of the gaps and the number of active CM sequences in the UE.
For clarity Figure 1 shows an example - a UE with a dedicated connection in CM (DPCH) and in parallel the MBMS service transmitted over the S-CCPCH. UE performs GSM RSSI and BSIC measurements as well as FDD inter frequency measurements. It can be seen that the S-CCPCH data is lost in the gaps, if the UE has only a single receiver.
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Figure 1: UE with a dedicated connection in CM (DPCH) and MBMS
Closely related to the problem described above is the case when UE is in cell FACH state, were the UE is assigned a default common or shared transport channel in the uplink (e.g. RACH) that it can use anytime according to the access procedure. In cell FACH state the UE has no dedicated channel and no CM for measurements is needed. However the UE has to monitor the FACH 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 on the S-CCPCH monitored by the UE and the measurement occasion occurs periodically every 2k TTIs with k=1,2,3 for 80 ms TTI.
	TTI length [ms] 
Measurement Duration
	80
	80
	80

	k
	1
	2
	3

	Measurement Period [ms]
	160
	320
	640


Table 1: FACH Measurement Occasions based on a longest TTI of 80 ms

For clarity Figure 2 shows an example for a UE in cell FACH state (k=2). Every 320 ms the UE can interrupt the MBMS reception in case inter-frequency and inter RAT measurements are needed.
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Figure 2: UE in cell FACH state and MBMS (k=2)
3. MBMS data scrambling

The Node B transmit power consumption problem of MBMS channels and techniques to reduce this required power have been addressed in many of the past RAN WG1 meetings. One efficient way to relax the Node B transmit power requirement is, that the UE performs selective combining (SC). Therefore the network needs to loosely synchronize the transmission between adjacent sectors/cells and the same MBMS content is provided in adjacent sectors/cells. Compared to maximum ratio combining the synchronization requirement for SC is not very strict and in the range of some TTIs.

SC can also be used to mitigate the problem described in section 2. Assuming as mentioned above, that the same content is transmitted by adjacent cells the MBMS TrCH data packets (TTIs) can be arranged in a different order on these adjacent cells, so that the probability of loosing data during CM gaps and FACH measurement occasions is reduced. For clarity figure 3 shows an example to explain the principle. We assume that the S-CCPCH MBMS TTIs of two cells are time aligned which is e.g. the case for two adjacent sectors of a 3-sector site. Some MBMS content is transmitted in the set {a,b,c,d,e,f} where “a” to “f” are S-CCPCH MBMS TTIs. In sector 1 the ordered set of {a,b,c,d,e,f} is transmitted. To reduce the probability of loosing S-CCPCH MBMS TTIs due to inter-frequency or inter-RAT measurements in the adjacent sector 2 the ordered set of {b,a,d,c,f,e} is transmitted. That means that in sector 2 we transmit the ordered set from sector 1 permuted by pairs. In doing so we have the advantage that the reordering buffer needed to bring the permuted sequence in the original order is as small as possible assuring a minimum distance between an element in {a,b,c,d,e,f} and an element in {b,a,d,c,f,e} of 1 TTI. This gives immunity against losing the same S-CCPCH MBMS TTI element during a inter-frequency or inter RAT measurement twice.
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Figure 3: Example MBMS Data Scrambling (k=2)
It can be seen that the UE can receive all S-CCPCH MBMS element a from Sector 1 Node B, b from Sector 2 Node B, c and d from both Node Bs further e from Sector 1 Node B and f from Sector 2 Node B.

If the Node B S.CCPCH TTIs are not time aligned the minimum distance between an element in the unscrambled sequence and an element in the scrambled sequence has to be 2 in order to ensure in any case for a measurement occasion with the length 1 MBMS S-CCPCH TTI that all elements transmitted over SC with two Node Bs can be received. Using the example given above, we would transmit in sector 2 the permuted sequence which is constructed using the original sector 2 sequence and permuting four elements by four elements, element 1 to position 3, element 2 to position 4, element 3 to position 1 and element 4 to position 2. Then we have in sector 1 {a,b,c,d,e,f,g,h} and in sector 2 {c,d,a,b,g,h,ef}. 

This examples shows that with a scrambling over four TTIs it can be guaranteed that the distance of TTIs with the same content transmitted from different cells is always at least two. The maximum of TTIs which have to be stored in the UE is three. The restriction which now applies is that the network takes care that the time offset between cells is not more than around 1 TTI which is a quite loose restriction. However, if the time offset is more than 1 TTI the cyclic permutation approach can be superseded by a random-like permutation of the data elements.

Furthermore it is to mention, that in a real system we have more than 2 sectors. To ensure that all the adjacent cells always have a different scrambling we need several sequence orderings. 

4. Conclusions

We presented an idea how to compensate for the loss of data during DRX cycles if selective combining will be applied to DRX. Due to the scrambling of the different TTIs the needed memory in the RLC to combine the equal TTIs is increased. However, we expect a performance gain especially during DRX cycles. More details and simulation results will be provided for the next meeting.
S-CCPCH





DPCH





b





d





c





f





a





e





d





c





320 ms





S-CCPCH





FACH Measurement Occasions





80 ms TTI


























































































































































































































































































































































































































3
Page 3 of 3

