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1. Introduction

The basic assumption for UE mobility during MBMS data reception has been so far that performance requirements on mobility procedures shall not be altered when the UE is receiving ptm MBMS data. How the UE is supposed to perform inter-frequency and/or inter-RAT measurements during ptm reception of MBMS data should therefore be clearly described in the specifications, as it is not possible for a UE to perform such measurements while listening to MBMS contents on FACH, unless it is equipped with dual receivers. 

Similarly, it has to be ensured that pages are not lost while inter-frequency/RAT measurements are performed concurrently to ptm MBMS data reception.

2. Discussion

In general, the measurements occasions could be scheduled in two different ways: either autonomously by each UE, or in a centralized way by UTRAN.

In the following, we discuss three possible ways to enable measurements during MBMS data reception:

· DRX during FACH reception

· DTX during FACH transmission

· Compressed mode for S-CCPCH
2.1. DRX during FACH reception
The UE shall individually decide when to perform the inter-frequency/RAT measurements, provided performance requirements on cell reselection are met. Note that whether measurements are performed in a series of smaller parts, or in a longer pass, can be left to the UE implementation.

Obviously, MBMS data loss will occur when the UE tunes to another frequency/RAT. If no mechanism for recovering the lost packets is provided by UTRAN, this will result in a number of transport block errors, which could in the worst case lead to a large amount of ptp repair requests. Although this may be acceptable under certain circumstances, we do not believe this will provide a robust radio interface for MBMS.

A potential error-recovery mechanism that could be used is outer coding, which comes at the expense of some overhead. Note that this overhead will need to be spent on all MBMS UEs, regardless whether they have one receiver (requiring DRX) or dual receivers (not requiring DRX). However, UEs with dual receivers will be able to perform the measurements without data loss and will therefore experience a better QoS (better streaming performance, less download delay). It should also be noted that the use of an outer code (either on radio or application layer) will improve the performance for the end-user in bad radio conditions [1].

In order not to impact on paging efficiency, it needs to be specified that UEs in idle mode or PCH state perform the inter-frequency/RAT measurements in-between paging occasions. Similarly, UEs in FACH state running FACH measurement occasions and UEs in DCH state in compressed mode shall proceed performing measurements during those intervals. 

Pros:

· Simple, no signaling needed, no impact on existing R99/4/5 S-CCPCH.

· No need of paging rescheduling for idle or PCH UEs, as measurements could be performed between paging occasions.

· No additional complexity for FACH UEs running “FACH measurement occasions” and DCH UEs in compressed mode, as such measurements could be performed during those intervals.

· Incentive to implement smart solutions: e.g. quick measurements methods, dual receivers, etc.

Cons:

· Impact on link performance, error-recovery mechanism necessary (e.g. outer coding).

2.2. DTX during FACH transmission

The UTRAN does not send any MBMS data during predefined transmit time intervals. Assuming no other data to be sent on the S-CCPCH, this will lead to DTX periods on the S-CCPCH, otherwise the spare capacity could be re-used by another transport channel. Note that in case of DTX periods, and as the S-CCPCH is not inner-loop power controlled, long transmission interruptions could be considered, e.g. up to a whole TTI (80 ms).

In order for the CRNC to be able to handle a constant bit rate of incoming MBMS data, data received during “idle” intervals need to be locally buffered in the CRNC, and later on send when MTCH transmission is resumed. This means that the MTCH rate in the TTIs that are transmitted would be slightly higher for DTX than for DRX (thus leading to a small transmit power increase in the Node B), in order to compensate for idle periods.

In order not to block paging for UEs in idle mode or PCH state whose paging occasions would overlap with MTCH (or S-CCPCH) idle or DTX periods, two strategies could be used: either paging has priority, i.e. the UE decodes the PICH and performs measurements during the next idle or DTX period; or measurements have priority, i.e. the UE performs inter-frequency/RAT measurements and waits for the next paging occasion to decode PICH. In this latter case, and whenever the paging occasion for a UE to be paged would be “unavailable” (PCH/PICH overlapping with the idle or DTX period), UTRAN would be responsible for rescheduling paging to the next paging occasion (thus at the expense of the call establishment delay). Furthermore, it should be noted that with both approaches DTX periods should not be indefinitely repeated with a periodicity equal to 2^N, N = 3...9, in order not to block measurements or paging for a particular group of UEs in idle mode or PCH state (whose paging occasions would repeatedly fall on those intervals). Solutions could either be to specify a somewhat regular DTX pattern (e.g. in the form 2^N) overlapping paging occasions in a “sliding” way (e.g. an SFN cycle counter could be used for that purpose), or to define an “irregular” DTX pattern (i.e. not in the form 2^N) irrespective of the SFN cycle.

Regarding UEs in FACH state running “FACH measurement occasions” or UEs in DCH state in compressed mode, it has to be ensured that such UEs do not needlessly lose MBMS data due to measurements performed “outside” MTCH (or S-CCPCH) idle periods, as an error-recovery mechanism should otherwise be provided, what would greatly impact the benefits of this method. For FACH UEs, it could be specified that such UEs only perform measurements during idle periods (thus at the expense of data loss, signaling delay, etc.). For DCH UEs, a possible way forward would be to always schedule compressed mode gaps during idle periods [FFS].

Pros:

· No impact on existing R99/4/5 S-CCPCH

· No MBMS packet loss, i.e. no overhead needed

· Spared capacity on the S-CCPCH during idle periods could be re-used by other transport channels

Cons:

· Buffering needed in the RNC

· Higher MTCH rate needed during transmitted TTIs

· Need to signal idle periods to all UEs (e.g. broadcasted on system info)

· PICH rescheduling could be needed

· “FACH measurement occasions” for UEs in FACH state, or compressed mode UEs in DCH state:  handling of such UEs may prove to be difficult 

2.3. Compressed mode for S-CCPCH 

Another alternative to create “idle” periods during MBMS transmission while performing inter-frequency/RAT measurements would be to introduce compressed mode on S-CCPCH, thus not requiring any MBMS data buffering in the RNC. However, and similarly to the previous approach, paging availability should be enforced, either through priority setting between paging/measurements, or by PICH rescheduling. Another possibility that could be considered would be to introduce compressed mode on PICH channels as well, and schedule compressed mode gaps on PICH in a way that they overlap with transmission gaps on S-CCPCH. Compressed PICH frames could then be obtained by allocating a PICH on a SF 128 code, but using only 288 out of 600 bits for the transmission of the paging indicator bits. Note however that even with compressed mode on PICH, some kind of PICH rescheduling would be needed as well, in order not to transmit PCH when an overlap with a transmission gap on the S-CCPCH would occur.

UEs in FACH state running “FACH measurement occasions” or UEs in DCH state in compressed mode could be handled similarly to the previously described DTX approach [FFS]. This way, no error-recovery mechanism would be needed in this scheme as well.

With regards to the operation of compressed mode on S-CCPCH, a simplified compressed mode method could be used, e.g. spreading factor reduction, however at the expense of the Node B transmit power, as Tx power would have to be doubled during the compressed frames. Note that conversely to compressed mode on dedicated channels, so far covered in 3GPP, a number of special procedures could be omitted for S-CCPCH, as this channel is not inner-loop power controlled.

Pros:

· No MBMS packet loss, i.e. no overhead needed

Cons:

· Need to prevent R99/4/5 UEs from selecting the compressed S-CCPCH (and the compressed PICH)

· Need to signal compressed mode information to all UEs (e.g. broadcasted on system info)

· Some kind of PICH rescheduling could be needed

· “FACH measurement occasions” for UEs in FACH state, or compressed mode UEs in DCH state: handling of such UEs may prove to be difficult

3. Proposal

Several alternatives enabling inter-frequency/RAT measurements concurrently to ptm MBMS transmission have been discussed. Based on the pros and cons, we recommend adopting the DRX scheme as a way forward. This would also put the discussion on outer coding in a new light.
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