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1. Introduction

At the last Adhoc meeting in Finland, the interactions between MBMS and inter frequency measurement requirements in different RLC states has been started to be investigated in [1] and [2].  This document contains relevant extracts of TS.25133, TS25.331 and TS25.304 describing the restrictions and requirements on inter-frequency and inter-Rat measurement in order to fully understand the impact of inter-frequency/inter-rat measurements on MBMS in the different RLC states. 

Section 2 depicts the cell reselection measurement rules as defined in TS25.304. Sections 3, 4 and 5 give a short overview of the possible configurations of the inter-frequency and inter-Rat measurement in the different RLC states. Finally section 6 summarized the key aspects and lists the different options that could solve the problem of data loss due to inter-frequency and inter-Rat measurements. 

2. Cell re-selection measurement rules

In idle, PCH and 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.

From 25.304-530

5.2.6
Cell Reselection Evaluation Process

[..] for intra-frequency and inter-frequency measurements and inter-RAT measurements, the UE shall:

-
use Squal for FDD cells and Srxlev for TDD for Sx and apply the following rules.

1.
If Sx > Sintrasearch, UE need not perform intra-frequency measurements. 
If Sx <= Sintrasearch, perform intra-frequency measurements.
If Sintrasearch, is not sent for serving cell, perform intra-frequency measurements.

2.
If Sx > Sintersearch, UE need not perform inter-frequency measurements
If Sx <= Sintersearch, perform inter-frequency measurements.
If Sintersearch, is not sent for serving cell, perform inter-frequency measurements.

3.
If Sx > SsearchRAT m, UE need not perform measurements on cells of RAT "m".
If Sx <= SsearchRAT m, perform measurements on cells of RAT "m".
If SsearchRAT m, is not sent for serving cell, perform measurements on cells of RAT "m".

   Sintrasearch, Sintersearch and SsearchRATm are broadcasted over the BCH and Squal is a measurement in dB of the current cell quality based on the CPICH_Ec/No. 

As a conclusion it can be highlighted that inter-frequency and inter-rat measurement are only performed when the quality of the current cell is below a fix pre-defined threshold. The different configurations of the measurement occasions in idle, PCH and FACH state depend on the actual RLC state. Each case is discussed in the following sections. 
3. Configuration of the Inter-Frequency and Inter-Rat measurement occasions in idle and PCH state

In idle and PCH state, UTRAN has no direct control on the inter-frequency and inter-Rat measurements occasion parameters (length and periodicity) and TS25.133 section 4.2.2 only sets mandatory requirements on the number of cells to be measured within a predefined period. It is left to the discretion of the UE manufacturer to determine the length of the measurement occasions and when to schedule them. 

It is therefore difficult to quantify the impact of inter-frequency and inter-Rat measurements on MBMS as it depends on the UE implementation.

4. Configuration of the Inter-Frequency and Inter-Rat measurements occasions in Cell_FACH state

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

From 25.331-590

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

According this extract, 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 larger TTI on the S-CCPCH (e.g. 80ms).

3. M_REP=2^K gives the periodicity of the measurement occasions in TTI. This parameter is configurable by the network and the possible configurations are specified in TS25.133 section 8.4.2.

From 25.133-590

8.4
Measurements in CELL_FACH State

[..]

-
M_REP is the Measurement Occasion cycle length where K is given in Table 8.10A. K is the FACH measurement occasion length coefficient as specified in TS25.331

-
The FACH Measurement Occasion of NTTI frames will be repeated every NTTI * M_REP frame.

-
NTTI is the number of frames in each measurement occasion, equal to the length of the largest TTI on the SCCPCH monitored by the UE.

Table 8.10A: K values for each NTTI value

NTTI
K

1
3,4,5,6

2
2,3,4,5

4
2,3,4

8
1,2,3

According this extract, one can conclude the following:

1. For a FACH measurement occasion length of 80 ms (NTTI=8 frames), the UTRAN can set the measurement occasion periodicity to M_REP= 2, 4 or 8 TTI.

2. The measurement density in case of a TTI of 80 ms is therefore 50 %, 25% or 12.5%. This corresponds to the minimum BLER one would observe when measurement occasions are activated and no recovery mechanism is introduced (e.g. outercoding).     

5. Configuration of the Inter-Frequency and Inter-Rat measurements occasions in Cell_DCH 

In Cell_DCH, inter-frequency and inter-rat measurements are performed during the well-know compressed mode when the UE does not contained a dual receiver. The precise configuration of the CM parameters is left to the discretion of the UTRAN and depends on the deployment scenario. No configuration is proposed in this document. A worse case analysis is also no feasible as the signalling range and the current restrictions allow 14 adjacent slots to be compressed every 3 frames. Such a CM density is not typical and an analysis based on this configuration will be biased. However it can be noted that the minimum size of a CM gaps is 7 slots as shown in the following extract of TS25.133. 

8.1.2.3
FDD inter frequency measurements

In the CELL_DCH state when a transmission gap pattern sequence with the "FDD measurements" purpose 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. 

In order for the requirements in the following subsections to apply the UTRAN must provide a transmission gap pattern sequence with measurement purpose FDD measurement using the following combinations for TGL1, TGL2, TGD and Max TGPL:

Table 8.1

TGL1 [slots]
TGL2 [slots]
TGD [slots]
Max TGPL [frames]

7

-

undefined

18

14

-

undefined

36

10

-

undefined

24

7

7

15…269
18 + ceil(TGD/15)

14

14

45…269
36 + ceil(TGD/15)

6. Conclusion and Ways forward

It can be concluded that when the measurement activity is triggered by the cell re-selection measurement rules in FACH state, the BLER at transport layer observed for an MBMS service increases significantly (>12.5% with 80 ms TTI, M_rep=8). 

There exist several potential solutions listed in following bullet.

a) Prioritize MBMS reception over inter-frequency and inter-Rat. However RAN2 in their LS [3] opposed this solution and confirmed the higher priority of these measurements over MBMS reception.

b) Set cell re-selection measurement rule parameters (Sintersearch and SsearchRATm) to very low values and rely on intra-frequency measurements. The drawback of this solution is that MBMS would impact the global cell planning policy and old release  UEs or UE not register to MBMS.

c) Introduce MBMS specific Sinterseach_mbms and SsearchRATm_mbms parameters in TS25.304. This would make the normal cell planning policy independent of the MBMS deployment policy. This proposal as well as option b) are further discussed in the companion document [4] submitted for the joint RAN1-RAN2 meeting.

d) Rely on an outercoding solution to recover data loss. Indeed it was showed in [1] that a proper outercoding would succeed in recovering these losses.

e) Rely on a combination of c) and d) and adopt a preventive (limitation of measurement activity) and a recovery strategy (loss recovery with an outercoding solution) at the same time. 

Finally, it should also be noted that macro diversity solutions requiring less than 1 TTI delay between RLs like selective combining with CRC check cannot be used alone to recover the data loss due to DRX cycle as the UE will DRX the multiple instances of the same TTI. It is however still under investigation whether these techniques improve MBMS coverage.

As a way forward, it is proposed to investigate option c) and d) or e) combination of both in order to assess MBMS data loss due to inter frequency and inter-Rat measurements. 
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