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1. Introduction

At the last RAN4 meeting Siemens presented a document on the interactions between MBMS and inter frequency, inter-RAT measurement during Cell-FACH state [1].

Section 2 depicts the problem that may occur during MBMS sessions due to measurements in Cell-FACH state. 

2. Measurements during MBMS reception 

2.1 Measurement occasion definition in RAN2

In Cell-FACH state, the UE measurement activity is controlled by the measurement rules defined in 25.304 sections 5.2.6. This enables the UE to limit its measurement activity only when some conditions related to the quality of the current selected cell are fulfilled.

In Cell-FACH state the UE is required to periodically measure inter-frequencies and other systems during the so-called measurement occasions. In Release 5, during these measurement occasions, the UE cannot receive any data on the FACH or any other physical channels of the selected cell. 

From 25.331-620

8.5.11
FACH measurement occasion calculation

When in CELL_FACH state and when the variable C_RNTI is non-empty the UE in FDD mode shall perform measurements as specified in subclauses 8.4.1.6 and 8.4.1.8 during the frame(s) with the SFN value fulfilling the following equation:


SFN div N = C_RNTI mod M_REP + n * M_REP

where

-
N is the TTI (in number of 10ms frames) of the FACH having the largest TTI on the SCCPCH monitored by UE

-
C_RNTI is the C-RNTI value of the UE stored in the variable C_RNTI

-
M_REP is the Measurement Occasion cycle length. According to the equation above, a FACH Measurement Occasion of N frames will be repeated every N * M_REP frame, and M_REP = 2^k.

where,

-
k is the FACH Measurement occasion cycle length coefficient.

The value of the FACH Measurement occasion cycle length coefficient is read in system information in "System Information Block type 11" or "System Information Block type 12" in the IE "FACH measurement occasion info".

-
n = 0,1,2… as long as SFN is below its maximum value

From 25.331 section 8.5.11, one can conclude the following:

1. The measurement occasions depend on the UE Id and are unsynchronised within a population of UEs receiving MBMS. It is therefore not possible to DTX the MBMS service at the Node B.

2. The length of the measurement occasion is equal to the largest TTI on the S-CCPCH carrying the FACH.

3. The periodicity of the measurement occasions M_REP=2^K can be configured by the network within small boundaries. The limitations on the measurement periodicity are captured in TS25.133 section 8.4. as a certain measurement opportunity density is required to successfully measure and identify new cells.  

4. The defined measurement occasions apply to all UEs in Cell-FACH state whether they are in an MBMS session or just Cell-FACH users which receive some data sometimes.

2.2 The usage of measurement occasions for measurements and corresponding requirements in RAN4

Measurement occasions do not have a designated purpose (like compressed mode gaps) therefore RAN4 requirements are based on the assumption that the measurement occasions provided by the network shall be equally shared by the modes which the UE has a capability for and that are in the monitored set signalled by the network. In section 8.4.2.1 the split of measurements between different modes and systems is defined. Measurement occasions are used to perform inter-frequency and inter-RAT measurements including inter-frequency cell identification, UTRA carrier RSSI measurements, BSIC identification (decoding the SCH of the BCCH carrier) and BSIC reconfirmation. Especially inter-frequency cell identification and BSIC identification are very time consuming especially for low signal strength cells this can be seen from the requirements captured in RAN4 and that e.g. 50% of all measurement occasions used for GSM are designated to BSIC identification as no timing relation between GSM and FDD is available at that time. 

In general all RAN4 measurement performance requirements are currently based on the assumption that all the time of the measurement occasion designated by the recommendations of TS25.133 to a specific mode or purpose can be used for that purpose, as an example refer to identification performance requirement for FDD inter-frequency cells in 8.4.2.3.1. This applies to all measurement performance requirements in Cell-FACH state from Rel-99 onwards.

Furthermore it should be considered that in normal operation the neighbour cell list provided in Cell-FACH to all UEs is uniform for all UEs in a cell (broadcast information). Thus besides identifiable cells this list may also contain some non identifiable cells e.g. micro and pico cells. Whether these are hearable depends on the actual position of the UE within the cell. Herein non-identifiable cells means cells with a signal strength below the defined side conditions for cell identification. However these cells may appear suddenly and that’s one reason why a UE shall continuously measure identified inter-frequency cells and search for new inter-frequency cells indicated in the measurement control information (8.4.2.3). 

Based on the above mentioned RAN4 measurement performance requirements to apply it can be concluded that a UE is not able or not recommended to receive any data from the serving cell in parallel of a measurement occasion unless it has multiple reveiver capablity. As MBMS is a continuous data stream from serving NodeB to the UEs in an MBMS session this causes a data loss for the UEs. 

Furthermore, it should be noted that currently normal Cell-FACH users and MBMS users rely on the same measurement occasion definition for mobility purposes, means not providing measurement occasions or only at very low density (e.g. by increasing k) may protect MBMS users from data losses but also heavily impact the mobility procedures of other FACH users.

2.3 MBMS data loss and Cell-FACH mobility performance in dependence of MBMS TTI length and measurement occasion configuration 

As the UE (without dual receiver) can not 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 MBMS TTI length (40ms/80ms) is independent of the measurement occasion length and density. However, 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. Different combinations of MBMS TTI length and measurement occasion length and density can occur having impact on mobility or MBMS QoS.

Assuming an MBMS TTI of 40 or 80ms and a FACH TTI length of 80ms, which has best mobility performance compared to same measurement densities of lower gap length an MBMS data loss of at least 12,5% will occur. (k=3 largest value according TS 25.133). This means that every 8th TTI will be lost, for smaller k value also possible this ends up at 25 or even 50% loss.

Also a combination of 80ms MBMS TTI and a small measurement occasion length of 10 or 20ms with a periodicity of at least 80 /160ms or 160/320ms correspondingly having acceptable mobility performance, lead to a data loss between 6,25 and 12,5%. The above mentioned scenario is not pessimistic, it is rather realistic because considering RAN4 re-selection test case TS25.133 Annex A.5 a measurement occasion of 10ms length occurs every 80ms means in case of an 80ms MBMS TTI (12,5%) one frame of every TTI would be missed. 

The combination of small measurement occasions and large k values (low density) having less impact on MBMS data have a worse identification performance and thus would impact the mobility procedures of all Cell-FACH users e.g. ~30s worst case performance are required to perform BSIC identification for a single GSM carrier at low density of the measurement occasions.

For TS 25.133 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 is guaranteed, therefore any possible solution should comply to (most of) the specified configurations of TS 25.133 for Cell-FACH state to avoid deriving many additional RRM mobility scenarios/requirements and corresponding test cases for MBMS Cell-FACH state.

2.4. Proposed way forward. 

The impact of the MBMS data loss on the MBMS QoS depends on the configuration of the MBMS service. However, the above mentioned relation between measurement occasion density, Cell-FACH mobility performance and MBMS data loss indicate that with the current solution it is not feasible to have minimal data loss and good inter-RAT and inter-frequency measurement performance in Cell-FACH state at the same time. 

Nevertheless several possible ways forward exist how this problem could be addressed. From Siemens perspective clear requirements need to be stated somewhere in the specification, a set of possible methods are listed hereafter.

1) Do nothing or give MBMS data reception priority over measurements. 

The MBMS data loss of some of the above mentioned scenarios could be counteracted by either increasing the NodeB power for MBMS or increasing the coding rate. However, the currently required power for MBMS services to have good coverage is already high and this would further increase the power by a remarkable amount and thus decrease the capacity of the cell and an increased coding would reduce the MBMS data throughput accordingly. Thus both methods are not attractive and also the possible solution to give MBMS priority over inter-frequency and inter-RAT is from mobility perspective and network control not desirable. Furthermore, numerous of the according to the standard allowed combinations of measurement occasion length/density and MBMS TTI will still lead to unsolvable low QoS MBMS situations. Especially numerous of the from mobility perspective attractive combinations would not be allowed in case of ongoing MBMS service, thus the mobility performance for all Cell-Fach users could be degraded.

2) Introduce MBMS specific Sinterseach_mbms and SsearchRATm_mbms parameters in TS 25.304. This would make the normal cell planning policy independent of the MBMS deployment policy.
The MBMS specific parameters shall be taken into account during a 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. In such a case, a UE receiving MBMS will perform less inter-frequency and inter-Rat measurements for cell reselection. As a consequence the UE will 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.

3) Similar to 2) activation/usage of the measurement occasion in dependence of an MBMS quality measure for the MBMS users.

Define a percentage or other measure to declare the amount of time of the measurement occasions that can be used for measurements. The measure could depend on the MBMS service and freely settable in a certain range, thus a trade-off between corresponding data loss and mobility performance can be generated. However, it needs to be considered that the inter-RAT and inter-frequency measurement performance will be increased by the corresponding fraction. 

4) MBMS TTI scrambling as proposed in [3]

The proposed method on MBMS TTI scrambling would ensure that at least for most of the measurement occasion occurrences and MBMS TTI combinations for the MBMS users at the outer cell area performing inter-RAT and inter-frequency measurements the complete TTI is received from either of the NodeBs involved in the combining. 

5)  A combination of the above proposed methods (2 and 4) or (3 and 4) which provides an attractive solution for MBMS users and avoids impacts on normal Cell-FACH users and their mobility performance.

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

Currently the measurement occasions 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 the MBMS service ID could be used in the calculation formula for the measurement occasions allowing the possibility to DTX the MBMS session for all involved users at the NodeB at that time. As the mobility 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.  This new definition would only apply for users in an MBMS session and leaves the definition for all other Cell-FACH users unaffected. 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).

7) Application level outer coding

SA4 are discussing the introduction of outer coding at application layer for MBMS to reduce the impact of short service interruptions (e.g. GERAN cell reselections) on the MBMS QoS.  It may be possible to introduce a coding level that is suitable for reducing the impact of this measurement interruptions.  

3. Proposal for a way forward

It is proposed to discuss the above mentioned possibilities for the handling of FACH measurement occasions for MBMS users and adopt one of the above mentioned options. However, in dependence of the decision the resulting consequences for MBMS services and UE mobility performance in Cell-FACH need to be captured in the specification in an appropriate manner.
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