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1. Introduction

RAN1 sent an LS [1] to RAN2 and RAN4 on MBMS reception while UE is performing measurements according to the measurement occasions defined in TS25.331 . RAN2 provided an answer to that LS in [2].
Although RAN2 addressed already parts of the questions raised by RAN1 within their LS main answers are still pending to RAN1 as the expertise within these areas is within RAN4, especially about questions raised to measurement performance in Cell-FACH state.
This contribution is intended to discuss the questions from a technical point of view, with respect to the raised issues in Cell-FACH state and also Cell-DCH state. Furthermore it proposes suitable ways forward to address the above mentioned problems and discusses also their applicability to all RRC states as UEs may only be for a limited time in cell-FACH state. According RAN2's explanation Cell-FACH is mainly seen as transition state from or to Cell-DCH state but MBMS services will be received by UEs also in the PCH states and idle, where measurement strategies are mainly implementation issues.

At the last RAN4 meeting documents were presented on the interactions between MBMS and inter frequency, inter-RAT including Cell-FACH state [3] and [4].

2. Measurements during MBMS reception 

2.1 Measurement performance in Cell-FACH state in dependence of measurement occasion length

In Cell-FACH state the UE measurement performance requirements are defined for FDD inter-frequency measurements in TS 25.133 section 8.4.2.3. As it can be seen from the corresponding formula below, the measurement performance depends on the measurement occasion length and the corresponding density. 
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Furthermore the achievable performance depends on the number of FDD inter-frequency carriers and according to Tmeas whether besides FDD inter-frequency measurements also measurements on other RATs e.g. GSM need to be performed, since in contrast to compressed mode used in Cell-DCH state measurement occasions in Cell-FACH do not have a designated purpose and are shared among all technologies indicated in the measurement control list.

The table below contains some calculations based on the formula for FDD inter-frequency cell identification in case of presence of 1 or 2 FDD inter-frequency carriers and also GSM in dependence of measurement occasion length.

	NTTI length
	k
	T identify FDD_inter

1 FDD inter-frequency carrier present
	T identify FDD_inter

2 FDD inter-frequency carriers present
	T identify FDD_inter

2 FDD inter-frequency carriers present and  GSM

	1
	3
	7.1 sec
	14.2 sec
	28.4 sec

	2
	2
	3.4 sec
	6.8 sec
	13.6 sec

	4
	2
	3.4 sec
	6.8 sec
	13.6 sec

	8
	1
	1.8 sec
	3.6 sec
	7.2 sec


Table 1: Worst case identification time for a single FDD inter-frequency cell based on measurement length of NTTI x 10ms repeated every 2^k x 10msxNTTI in Cell-FACH (TS25.133). 

For the above mentioned calculations the following points should be noted:

· k is set to the minimum allowed value (k=1), means this is best performance for the identification

· The values listed in the table above are worst case identification times, means in average across all UEs it may be roughly half of the time. However this is something a network can not rely on, as there are also UEs requiring maximum time.

· First T identify FDD_inter column corresponds to the calculations of R4-040195 [5], where the achievable performance for 20, 40 and 80ms measurement occasion length (i.e. NTTI length: 2, 4, 8) was used as justification to remove the 5s limitation boundary in the FDD inter-frequency identification time, corresponding CR agreed in RAN WG4#31 and approved by RAN #24.

A similar calculation can be made for GSM BSIC identification which is the most time consuming task in case of GSM identification as no timing information is available for a GSM carrier during this task, refer to 8.4.2.2.5.1 of TS25.133.

Furthermore, the comparison to FDD inter-frequency identification in Cell-DCH gives a clear indication that a restriction to only 10ms measurement occasions would not be sufficient:

FDD inter-frequency cell identification in Cell-DCH state is tested in TS25.133 section A.8.2 with a compressed mode pattern according to A22 set 1 of TS25.101. A22 set 1 provides a compressed mode gap of 7 slots every 3 frames (45 slots), subtracting 2 slots for switching and implementation margin this leads to a measurement density of 5/45 means roughly 11% of measurement time available for this single purpose. Comparing this to the time which would be available in case of 10ms measurement occasions (15slots) every 8 frames (120slots) and subtracting the same implementation margin leads to an available measurement time of roughly 10% which needs to be shared between FDD inter-frequency measurements and GSM measurements as the measurement occasions do not have a designated purpose.

RAN2 also indicated in R2-042217 that UEs which exceed minimum performance requirements, means UEs which are much better than requested by minimum performance requirements may suffer only from reduced loss of MBMS. Although this would not be guaranteed, this could reduce the volume and size for requests for application level repair that need to be handled by the network, and also this will be bounded by the minimum performance requirements. For this request it needs to be noted that currently TS25.133 FDD inter-frequency measurements in Cell-FACH section 8.4.2.3 states:

In the CELL_FACH state when a measurement occasion cycle is provided by the network the UE shall continuously measure identified inter frequency cells and search for new inter frequency cells indicated in the measurement control information. 

The continuous search for new and currently unidentified cells, where one reason may be that these cells are currently below minimum detection level, can not be finalized earlier by a UE with exceeding performance. Because continuous search means searching continuously during the provided measurement time because such cells may pop up rather quickly e.g. in case the user is going around a corner. Furthermore the requirement is defined for “a” cell where a is at least one, if several cells are of a certain level they may be required to be identified one after the other.
Thus UEs could only shorten the time indicated for inter-frequency measurements in case that all cells provided in the measurement control information are already identified which is unlikely because this heavily depends on the actual UE position within a cell in case of HCS structures. Furthermore also in case one would change TS25.133 here this would not help as level of potential needed repair would still be bounded to the minimum performance of the UEs.

“Furthermore RAN1 wishes to understand which measurement occasions lengths will be used and which will be omitted in practical deployments.” 

Although currently mainly 10ms FACH configurations means 10ms measurement occasions are in use it needs to be taken into account that this heavily depends on the scenario. The more FDD carriers will be deployed besides GSM carriers, the weaker becomes the identification performance requirements according to table 1, as the available measurement gaps need to be shared among all inter-frequency carriers and RATs. Placing here any restrictions now may severely impact possible scenarios likely in the future once networks are fully enlarged to maximum number of carriers in conjunction to GSM perhaps also multiple frequency bands etc…The analysis and calculations raised above clearly indicate that

a) A restriction to 10ms measurement occasions length only is not suitable as also already indicated in R4-040437 at least also 20ms measurement occasions are required. 

b) Any comments on 'over exceeding specified requirements' can not be made, as this contradicts requirements in TS25.133 to some extend and would not be something that one could base guaranteed performance upon.

c) Furthermore an additional improvement in identification times can only be achieved if current flexibility of measurement occasion length is maintained, means not removing existing functionality.

In addition it needs to be taken into account that any restriction on the usage of measurement occasions does not only affect MBMS users but also degrades the achievable re-selection performance for all UEs in the network e.g. also Rel-99 users which do not listen to MBMS services.

Based on the above mentioned analysis Siemens is currently very reluctant to remove any existing functionality as long as according to our understanding more suitable ways forward exist to avoid MBMS UEs suffering too much from measurement occasions whilst maintaining existing achievable re-selection performance for all non MBMS listening UEs.

2.2.  Measurement conflicts in Idle, Cell-PCH and URA-PCH states

In Idle, Cell-PCH and URA-PCH state the measurement performance requirements and measurement rules are related to the actual configured DRX cycle length, which means the requirements vary in dependence of the DRX cycle length. In Cell-PCH and URA-PCH one FDD inter-frequency measurement is performed every 640ms and in idle mode every 1.28s at the maximum, corresponding values for GSM are 2.56s and 5.12s respectively TS25.133 section 4.2.2 . These figures are taken from the smallest DRX cycle length 80ms and 640ms for idle mode respectively. In case of larger defined DRX cycle length the measurement requirements are the same or not that stringent. Currently the way how these measurements are performed especially in what time and when is not specified. This is left for implementation and is a degree of freedom which should not be more interfered as absolutely necessary. Although the amount of data that will be missed from the MBMS data stream due to inter-frequency and GSM measurements can not be exactly estimated there are some assumptions that can be used here to gain some impression.

If the measurement activity that can be derived from the section above in idle, cell-PCH and URA-PCH is compared to the measurement occasion occurrence and density that is defined for Cell-FACH state it can be concluded that the measurement activity in Idle, cell-PCH and URA-PCH state is lower compared to Cell-FACH state . This conclusion is inline with the documents agreed by RAN 4 in the area of Cell/URA-PCH cell re-selection parameter optimization compared to Cell-FACH state cell re-selection performance optimization which is not feasible due to the different measurement activities of the receivers in the different states and only one single set of cell reselection parameters. Figure 2 in document [7] “The behaviour of the receiver in the UE in Cell/URA_PCH, and idle mode” illustrates this quiet well. 

As a conclusion for idle, Cell-PCH and URA-PCH state there is also a need to specify some basic principles on the amount of inter-frequency and inter-RAT measurements in order to assess the MBMS link performance degradation in these states. However, it will be shown in the conclusion sectionthat the proposed solutions for Cell-FACH state also solve this problem for the idle, cell-PCH and URA-PCH states, without reglementing the measurement strategy for these states too much, and still allowing asufficient  degree of freedom for the UE implementation.

2.3.  Measurement conflicts in Cell-DCH state with respect to MBMS reception

In CELL_DCH state a single receiver UE is performing FDD inter-frequency measurements and also GSM measurements using compressed mode (e.g. using SF reduction). When the UE has to listen to a point to multipoint (ptm) MBMS service in parallel then it will lose corresponding MBMS data during the compressed mode periods configured by the network.

Prior discussing this complex in detail it should be noted that the support of ptm MBMS in Cell-DCH state is a UE capability and will be an optional feature. However, in case that a UE receives MBMS in Cell-DCH state it needs to be ensured that the required measurements do not lead to a service degradation of MBMS due to the measurements. 

In contrast to the measurement occasions in Cell-FACH state two main differences for compressed mode need to be taken into account when analyzing the situation for performing inter-frequency and inter-RAT measurements by the usage of compressed mode in Cell-DCH state:

- CM patterns have a designated purpose

- CM patterns and their activation are controlled on a dedicated basis

Furthermore for compressed mode there are some general restrictions for the usage. 7 slots per frame can be compressed at maximum and within any window of 3 frames no more than 2 frames are allowed to be compressed, these restrictions also apply for multiple compressed mode patterns used for different purposes in parallel. Thus no more than 21 slots can be used for measurements within a 40ms MBMS TTI (60 timeslots) and 42 slots within an 80 ms MBMS TTI (120 timeslots). Thus also in case that maximum allowed compressed mode configuration would be used, about 30% would be compressed at the most, which one could in principle counteract by physical layer coding. But as compressed mode is controlled on a dedicated basis, one can apply special strategies for the MBMS users without impacting any UEs not receiving an MBMS service.

One of the simplest strategies one may apply for an MBMS user is limiting the maximum density of compressed mode within one MBMS TTI to one compressed mode gap only, which should have a rather small impact on the MBMS reception. For sure this is a trade-off between MBMS QoS and the number of measurements to have for a certain flexibility for any future necessary handover.

Furthermore for an MBMS user one may select inter-frequency or inter-RAT cells to be measured where also the MBMS service is provided, to ensure service continuity also in case one would command a handover. This means limiting all available cells to a subset, reducing the total amount of measurements for the MBMS users only. In case that this would be a GSM carrier, one could also apply strategies where not all patterns for GSM (UTRA carrier RSSI measurements, BSIC identification and BSIC re-confirmation) would be activated in parallel but rather sequential. 

As a consequence it should be noted that in case of MBMS reception in Cell-DCH state sufficient flexibility exists to handle the problem of MBMS reception and the number of measurements to be performed in the meantime by use of compressed mode for the affected MBMS users on a dedicated basis.

2.4. MBMS data loss 

As a UE normally cannot perform measurements and receive data at the same time consequently some MBMS data will get lost, in dependence of the amount of loss this will impact the MBMS QoS. The amount of loss depends on the actual UE state which also determines the amount of measurements that need to be performed in which time. Furthermore the distribution of the loss in comparison to the MBMS TTI length needs to be considered. Taking the above considerations into account it becomes obvious that with respect to the amount of measurements that a UE needs to perform within a short time, the Cell-FACH state is most severe.

In Cell-FACH state the UE may lose in the order of 12,5% up to 50% in the average of the MBMS data. In dependence of the MBMS TTI length of 40 or 80ms (Note: Also 20ms TTI for MBMS is discussed) and the measurement occasion length (10ms, 20ms, 40ms or 80ms) this means missing complete TTIs or in worst case loosing two consecutive TTIs.

The impact on MBMS data loss in dependence of the MBMS TTI length and measurement occasion is only very briefly restated here, more detailed analysis can be found in [3] and [4].

The MBMS TTI length is independent of the measurement occasion length and density. The loss of MBMS data is proportional (BLER inversely-proportional) to the density and length of the measurement occasions whilst the mobility performance is directly proportional.

Only in case that the data loss of a certain MBMS TTI is definitely below ~50% physical layer coding can reasonably be applied. In case of 80ms MBMS TTI this would mean 20ms measurement occasion at the maximum and for 40ms MBMS TTIs 10ms measurement occasions at the maximum. The resulting performances for inter-frequency FDD cell identification in dependence of the measurement occasion length was shown in section 2.1, the corresponding values for GSM, especially GSM BSIC identification can be found in TS25.133 8.4.2.5.

A measurement occasion length of 10ms would be the only possible measurement occasion length where the data loss for MBMS could be counteracted by physical layer coding, limiting the measurement occasion length to 20ms as proposed in [3] already leads in case of 40ms MBMS TTIS to unsolvable situations for physical layer coding. In principle FEC may cope also with the losses of MBMS data caused by larger measurement occasions but it needs to be noted that this can only be done by reducing bandwidth; any loss compensation can be handled by FEC but at a certain price. Furthermore losses being far above the maximum that is currently considered (in the order of 1-10%) for application layer FEC may occur. (draft report RAN4#32 section A2)For TS25.133 in general it should be noted that this should not only be seen as a collection of UE and NodeB requirements but is also used as some guideline as it indicates what UE performances under which network configurations can be achieved or are guaranteed, therefore any possible solution should comply to (most of) the specified configurations of TS25.133. 

2.4. Solutions
The impact of the MBMS data loss on the MBMS QoS depends on the configuration of the MBMS service and the actual UE state which defines the UE measurement activity. Based on the above statements any suitable way forward should be able to handle the problems that occur in idle, Cell-PCH, URA-PCH and Cell-FACH state at the same time. For Cell-DCH state no special means are considered to be absolutely necessary  as the problem can be handled by other means.  As Cell-FACH state is the most problematic case it is shown that the hereafter mentioned solutions solve the problem for this state and are also applicable and suitable for the other states. The proposed solutions are a subset of the solutions proposed in [4] which are considered to be suitable for all states and have minimum implementation impacts. From Siemens perspective clear requirements need to be stated somewhere in the specification for idle, Cell-PCH, URA-PCH and Cell-FACH, and a set of possible methods are listed hereafter.

1) Introduce MBMS specific Sinterseach_mbms and SsearchRATm_mbms parameters in TS25.304 in conjunction with TTI re-ordering. This would make the normal cell planning policy independent of the MBMS deployment policy.
The MBMS specific parameters shall be taken into account during an MBMS session. This would enable the network to treat the UEs currently receiving MBMS differently to the UEs which are not receiving MBMS (e.g. UEs not supporting MBMS). For example the network may set Sintersearch_mbms and SsearchRATm_mbms to a lower value than Sintersearch and SsearchRATm which is in appropriate considering the combing gain  that is achievable for MBMS compared to non MBMS users in these states. As a consequence the MBMS UE would start its measurements on inter-frequency cells and inter-RAT later and would stay longer in a cell and on the frequency transmitting the service and will rather favour an intra-frequency cell re-selection over an inter-frequency or  inter-RAT cell change. Currently extra offsets are considered for MBMS users to avoid inter-frequency or inter-RAT cells for re-selection at an early stage thus why not also activating the measurements for these cells at a later stage. And in case that the measurements need to be performed on inter-frequency and Inter-RAT cells MBMS TTI re-ordering [9] would ensure that also here no data loss occurs, as different NodeBs would transmit the MBMS TTIs in different orders. In [10] it was shown that TTI re-ordering is a suitable solution for MBMS reception in Cell-FACH state for all larger measurement occasion lengths, where physical layer coding would fail. The combination of these two methods provides most benefits and would also be applicable for all RRC states. The separate thresholds for MBMS could be defined for all RRC states, as currently done in TS25.304. Furthermore the TTI re-ordering is done by the network thus this principle is completely independent of the RRC state. The combination is most beneficial because the separate thresholds would ensure that an MBMS UE can maximum benefit from the combining gain and in case that measurements need to be performed TTI re-ordering ensures that all MBMS TTIs are at least received one time completely from one of the NodeBs. In case that this solution would be adopted no additional requirements need to be defined for TS25.133, this is based on the assumption that in idle, Cell-PCH and URA-PCH the measurement activity is not higher compared to Cell-FACH state and the continuous measurement activity on inter-frequency and inter-RAT within one DRX cycle is not longer than one MBMS TTI but may occur several times within a DRX cycle. This should be feasible by a UE implementation and still allowing a maximum of implementation freedom. It only needs to be decided whether it is necessary to reflect this underlying assumption for idle URA-PCH and Cell-PCH in the specifications in an appropriate manner.

2) Synchronization of the measurement occasions for all MBMS users of the same service. 

Currently the measurement occasions in CELL_FACH state are defined in dependence of the UE Id, thus it is ensured that the measurement occasions occur randomly in time for a large number of UEs allowing most effective usage of the resources. For MBMS terminals an attractive method is to synchronize the measurement occasions means instead of using the UE Id an MBMS specific ID could be used in the calculation formula for the measurement occasions allowing the possibility to consider countermeasures at the NodeB. One possible solution could be DTX. The below mentioned graph indicates the benefit of DTX compared to DRX.
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Figure 1: DTX compared to DRX the simulation assumptions are depicted in the Appendix. The simulations were performed for a loss rate of 25%, where d is the duration of the measurement occasion which is repeated every i frames where i=NTTIx2^k, represents the measurement occasion repetition cycle.
Although the advantage of DTX compared to DRX seems to be rather small (1dB only), it needs to be considered that MBMS could require roughly already 30% of the available NodeB power, refer to [TS25.803 figure 4.5.2 R1-041026]. 

Furthermore this option still has the possibility to DRX, means transmitting MBMS continuously and in case that the missed data are required by the MBMS users they could be provided on a point-to-multipoint repair mechanism as all users would miss the same data. As the identification performance only depends on the measurement occasion length and density and not on the occurrence of the measurement occasion at a specific time, all mobility performance requirements would still be valid also for the MBMS users.  Furthermore this new definition can be seen as the natural evolution of the measurement occasion occurrence from p-t-p (randomly) to p-to-m (synchronous for all UEs receiving the same service and staggered for different services).

Although measurement occasion are only defined for Cell-FACH state, this method can easily be adapted to other RRC states One only needs to recommend the MBMS users in the other RRC states like Idle, CELL_PCH and URA_PCH to perform the measurements they need to perform within their DRX cycle (or integer multiple of the DRX cycle refer to Ts25.133) in one of the measurement occasions that falls within this time.

For sure this is a restriction for all MBMS users in other RRC states than Cell-FACH, but anyway an appropriate requirement for measurements in conjunction to MBMS reception needs to be specified for idle, Cell-PCH and URA-PCH as already indicated in [3], furthermore it is believed that also this would still allow some implementation freedom for the UEs.

This new definition and restriction would only apply for users in an MBMS session and leaves the definitions for all other users unaffected. 

Furthermore it should be noted that for both methods UEs of older Releases and their achievable performance also during ongoing MBMS sessions for Rel-6 mobiles would be totally unaffected.
3. Proposal for a way forward

As an LS was received by RAN1 [1] a reply should be provided. The analysis in section 2 should be used as a basis. It needs to be indicated that it is from measurement performance point of view not feasible to limit Cell-FACH measurement occasions to 10ms only and current functionality should be maintained. 

For Cell-DCH state it should be indicated that according RAN4's understanding there are multiple strategies that one may adopt to solve this problem without the need to define complete new requirements or place major extra restrictions in TS25.133. Anyway it should be clarified that the impact on TS25.133 and thus cell selection/re-selection performance and measurement performance requirements should be avoided.

In section 2.5 2 solutions were provided showing that these solutions are able to cope with the measurement problem in conjunction with MBMS reception for all RRC states. Although the decision on which method to adapt is not within RAN4 one may mention them as suitable ways forward and limiting the impact on RRM to the minimum. If RAN4 agrees to send an LS Siemens would volunteer to draft the LS.
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Appendix

The impact of DRX and DTX approaches for UE measurements in CELL_FACH was evaluated by link level simulations. This was done for the Vehicular A channel at 3 km/h, a single radio link, 80 ms TTI and 64 kbps MBMS (nominal rate).

For DRX, the user data is transmitted by Node B at the nominal rate, and the measurement gaps can be uncoordinated at different UEs. UE transmission is interrupted periodically, leading to some loss of useful information. How much is lost depends on the definition of the reception gap length (ideally a small fraction of a TTI) and the gap repetition pattern.

For DTX, the Node B puts the MBMS transmission on hold in one entire TTI out of every k TTIs. This means that the measurement gaps are coordinated at the UEs, to coincide with the transmission gap. To maintain the nominal MBMS data rate, the data rate at transport block level must be increased to compensate for the transmission gaps. For example, with 1/4 DTX the bit rate of 85.334 kbps = 64 kbps * 4/3 was simulated.

Table 2  MBMS Simulation Assumptions

	Parameter
	Value

	User data rate
	64 kbps

	S-CCPCH slot format
	10 (sf=32)

	Transport block size
	5120 (no DTX)
6827 ≈ 5120*4/3 (with 0.25 DTX)

	TTI
	80 ms

	CRC length
	16

	# turbo decoding iterations
	4

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	OCNS
	varied to sum total Ec/Ior to 0 dB

	STTD
	off

	Geometry (Ior/Ioc)
	-3 dB

	Number of rake fingers
	equal to # of channel taps

	Channel estimation
	perfect

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes


The following notation is used to specify the DRX pattern:

d = NTTI

DRX gap duration is equal to NTTI  radio frames

i = 2^k*NTTI*10ms
DRX gap repetition period a gap of NTTIs is repeated every 2^k*NTTI  radio frames.
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