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 Inbound Mobility from GERAN to HeNB 
1 Background

Supporting the inbound handover to H(e)NB is required in the new WI [1] approved in GERAN#42. This paper explains how the MIB and SIB1 are scheduled, and discuss how the MS acquires MIB and SIB1 of the HeNB to support inbound mobility to HeNB. 
2 Reading MIB/SIB1 in dedicated mode or PTM

2.1 Frame structure of HeNB

The frame structure specified in [2] is shown in figure 1. Each frame of an E-UTRAN CSG cell is 10ms and divided into 10 sub-frames. Each sub-frame is 1ms. 
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 Figure 1 frame structure of E-UTRAN CSG cell
2.2 Steps of reading MIB/SIB1 

Reading MIB in dedicated/packet transfer mode

1. Synchronize to the target E-UTRAN CSG cell;

Both P-SCH and S-SCH are on #0 and #5 sub-frame and repeated in every radio frame. The MS can use the search frame to synchronize to the target E-UTRAN CSG cell. If the MS misses sub-frame #0, the MS has to wait for 5ms till sub-frame #5 arrives, so the longest time to synchronize to EUTRAN CSG is about 6ms (5ms+ 1ms ). It means that the MS always can synchronize and identify an EUTRAN cell within a search frame combining together with four idle slots in adjacent regular frame (total 12 slots, equals 6.92 ms) [3].

2. Read MIB (Master Information Block) to acquire SFN (system frame number) which is used to determine when SIB1(system information block type1) occurs ;
MIB is on #0 sub-frame with a fixed 4 repeated transmissions with a periodicity of 40 ms and each transmission is scheduled every 10ms. After being synchronized, the MS can begin to read MIB directly without tuning to be synchronized again. The moving speed of the MS is usually very slow when it entering the coverage of HeNB and the time between doing synchronization and reading MIB is very short (shorter than 120ms cyclic period of possible synchronization chance in search frame). It is not so easy to lose synchronization within such short period and that's why we think no further synchronization is needed before reading MIB.
Each transmission of MIB is self-decodable. More transmissions received by the MS will increase the possibility to successfully decode of MIB.  
Reading SIB1 in dedicated/packet transfer mode
3. Read SIB1 which contains CSG indicator, the Enhanced Cell Global ID (E-CGI), TAI and CSG ID. The CSG indicator is used to identify the cell type (macro or CSG cell), the E-CGI is used to solve the PCI confusion problem, TAI is necessary routing information and the CSG ID is used for preliminary access control( check whether the target CSG cell is accessible).
SIB1 is on sub-frame #5 with a fixed 4 repeated transmissions with a periodicity of 80 ms and each transition is scheduled every 20ms. The MS can start monitoring the specific sub-frames to read SIB1 by skipping some TDMA frames after the successful decoding of MIB. Before each reading of SIB1, we also assume that no further synchronization is needed for losing synchronization is impossible in such a short time. 
2.3 Patterns of MIB/SIB1 reading

In our proposed reading pattern, it can be limited that each MIB and SIB1 reading should not last longer than 80ms according to RAN2’s accepted service interruption [4] and should be executed in a considerable low frequency, e.g. once every 2 seconds, to minimize the impact on ongoing service.

Discontinuous pattern:

Because MIB/SIB1 is contained in repeated sub-frames, the MS can only tune to read the corresponding target sub-frame to get the system information of HeNB. The time interval between two transmission of MIB and SIB1 is about 10ms and 20ms respectively, the MS can tune back to GERAN to continue the ongoing service within these intervals. Discontinuous pattern bring less impact comparing to the continuous pattern. If successfully decoding MIB and SIB1 needs two transmissions respectively, the discontinuous pattern is shown in following figure 2. 
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 Figure 2 reading MIB and SIB in discontinuous pattern

It should be pointed out that reading one sub-frame (1ms) requires about 2ms (including tuning time) which is about three timeslots and much less than a TDMA frame. When the MS reads MIB/SIB1, the Tx or Rx timeslots containing speech frame or RLC data blocks may not be skipped if the occurrence of MIB/SIB1 does not collide with the skipped timeslots. 

Continuous pattern:

The MS can also continuously monitoring HeNB to get MIB and SIB1 after synchronizing without tuning back to GERAN within the intervals between transmissions of MIB and SIB1, like shown in figure 3.
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 Figure 3 reading MIB and SIB in continuous pattern
2.4 Time evaluation of MIB/SIB1 reading

In dedicated mode or packet transfer mode in GERAN, reading one MIB block and one SIB1 block requires the MS to skip some receiving or transmitting TDMA frames to get the sub-frames which containing MIB and SIB1. From the above illustration of E-UTRAN frame structure, in the worst case the MS needs to skip 40ms to get MIB and skip another 80ms to get SIB1. 
Because E-UTRAN sub-frame is self-decodable, it means one MIB/SIB1 block can be decoded by a single reception of corresponding sub-frame in good radio conditions or by two or more receptions of corresponding sub-frames by some kind of soft combining mechanism in comparatively bad radio conditions. In our previous analysis [5], in most cases two receptions are enough for successful decoding of MIB and SIB1 respectively. If HeNBs are deployed using 5MHz or higher bandwidth, successful decoding of SIB1 only needs one reception in most cases. So the skipping time will be greatly reduced, e.g. reduced to 40ms (20ms for MIB and 20ms for SIB1).
Some optimised measurement control mechanism, such as the fingerprint function, a threshold combined with a timer etc. can guarantee that reading MIB and SIB1 would only occur in good radio conditions. Following figure 4 gives an illustration how the threshold and corresponding timer works. By this way, only if the signal strength and/or quality of the HeNB cell are above a threshold for a preconfigured period, MS can get MIB and SIB1 only one reception respectively, which means only 30 ms (10ms for MIB and 20ms for SIB1) needs to be skipped.
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Figure 4 Threshold and Timer to control MIB and SIB reading

2.5 Some related information 

According to RAN2#66bis meeting discussion some principle agreements have been reached and the way forward has been proposed as below [4][6][7]:  
1. PCI confusion is significant enough and shall be solved.
2. Most companies think it is OK to lose up to 4 voice frames for each handover evaluation as long as handover evaluation does not occur too often.
3. To support inter-frequency inbound mobility to CSG cells, acquisition of MIB/SIB of target CSG cells is necessary in connected mode. Mechanism on autonomous gaps or scheduled gaps should be FFS for the UE-based Solution.
In GERAN, there is no gap configured by the network, so the MS will skip TDMA frames directly to read MIB and SIB1 with less interruption time than the RAN2 supposed from above analysis in sec 2.2, 2.3 and 2.4.
In [8] proposed by Nokia, some simulation results showed that continuous loss of 4 speech frame every 2 seconds will not significantly decrease the voice quality and affect the user’s satisfaction. Moreover, current handover will also cause the loss of four speech frames, which is also acceptable. In our proposed reading method, it can be limited that each MIB and SIB1 reading should not last longer than 80ms and should be executed once every 2 seconds to minimize the impact on ongoing service.

3 Conclusion

To support inbound mobility to HeNB from GERAN needs to read MIB and SIB1 by skipping up to 4 consecutive speech frames (total: 80ms) which is an acceptable performance decrease in RAN2. According to the above analysis, up to two sub-frames to decode MIB and up to two sub-frames to decode SIB1  is sufficient in most cases (total: 40~60ms). If measurement control mechanism such as fingerprint, threshold and timer is applied, less TDMA frames need to be skipped. Meanwhile, MS can decode MIB and SIB1 by the reception of scattering sub-frames to further minimize the impact on the ongoing service.

It is also proposed to have this MS based solution by allowing MIB/SIB1 reading in dedicated/ packet transfer mode as a working assumption to forward the CSG inbound mobility work.
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