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1. Overall Description:

RAN WG 4 has received LS R4-093086 (R2-094096) from RAN WG2 on H(e)NB inbound mobility. In the LS, RAN2 stated the understanding that in a shared carrier H(e)NB deployment there might be an “exclusion zone” around the macro cell, where UE’s do not move to H(e)NBs. While handover of a UE to a H(e)NB even when the H(e)NB is not the strongest cell can be considered, RAN2 wonders whether it is possible for the UE to get reasonable performance (e.g., throughput) upon handover to the H(e)NB under such circumstances. As requested in the LS, RAN WG4 would like to provide the following information.
Question 1) In a shared carrier H(e)NB deployment, if a UE is handed over to a H(e)NB when the H(e)NB is not the strongest cell, can the UE maintain reasonable performance? In addition, would the UE create significant uplink interference to the macro cell by being handed over to the H(e)NB?
Response: RAN WG4 view is that the H(e)NB in bound mobility performance is dependent on the acquisition and MIB/SIB reading performance requirements. More specifically, a UE could be successfully handed over to a H(e)NB, which is not the strongest cell, if the C/I to that H(e)NB is above the threshold required for reliable system information decoding.

UE UL interference is dependent on the coupling loss difference between the UE to H(e)NB link and the UE to (e)NB link. Given the large DL power differential, a HUE typically has much smaller coupling loss to the H(e)NB compared to the closest (e)NB even if the H(e)NB is not the strongest cell on the DL. For HNBs, UL interference management has been studied in TR25.967. It is shown that with proper interference management methods recommended in TR 25.967 (e.g. adaptive UL attenuation), UL interference can be effectively mitigated. For HeNB, current RAN WG4 view is that there can be mechanisms to effectively mitigate the UL interference problem; however, RAN4 has not investigated the efficacy of such methods. 
Question 2a) For LTE, how many repetitions of MIB and SIB1 are needed for successful reception in the worst case and in the typical case?
Response: 
In a typical macro layout (D1 500meter ISD) without H(e)NB, the median and 5% worst case geometries are 3 dB and -4 dB, respectively. When H(e)NBs are deployed on a shared frequency, a UE may report a H(e)NB if the signal strength from the CSG cell is on par with the strongest macro cell. Hence, the typical and worst case C/I to the H(e)NB with additional interference from the strongest macro cell are -2 dB and -5 dB, respectively.
Simulations of MIB decoding show that for typical H(e)NB handover C/I, MIB could be decoded with a single attempt at 96% of the time, and it could be decoded within 2 attempts with >99% probability. For the worst case H(e)NB handover C/I, MIB could be decoded with a single attempt at 75% of the time, and it could be decoded within 3 attempts with >99% probability.
Simulations of SIB decoding show that for typical H(e)NB handover C/I, SIB1 could be decoded with a single attempt at 90% of the time, and it could be decoded within 2 attempts with >99% probability. For the worse case H(e)NB handover C/I, SIB1 could be decoded with a single attempt at 40% of the time, and it could  be decoded within 4 attempts with >99% probability.

Question 2b) For UMTS and LTE, if the UE autonomously receives system information, what is the expected performance impact to an ongoing voice call? RAN2 requests RAN4 to consider solutions for the problem. 

Response: Voice calls in general have 20ms semi-persistent assignments, where new data is transmitted every 20ms and HARQ retransmissions are dynamically scheduled. If a UE autonomously reads SIB, the UE will only miss the subframes from serving cell where SIB is transmitted (1 out 20 TTI) by the H(e)NB, It was well understood that HARQ could easily recover the voice packets if only a small fraction of transmissions are lost due to SIB reading.  Since typically the MIB and SIB reading only takes a single attempt, even if there is any collision between voice and SIB subframes, the collision is unlikely to be persistent. Hence, RAN4 has the view that autonomous SIB reading has minimal impact on an ongoing voice call.
If RAN2 informs RAN4 of its decision on the H(e)NB inbound mobility behaviours, RAN4 plans to define minimum performance requirements on the reliability of reading system information and impacts to on-going communications with the serving cell. 
For UMTS, with 20 ms voice packets, and 20 ms P-CCPCH TTIs, autonomously reading one HNB P-CCPCH TTI during CS voice traffic on the macro results in loss of two voice packets (40 ms). At least three (discontinouous) TTIs need to be read to acquire the SIBs of interest (SIB3 or SIB4) from the HNB BCH:

- 1 TTI synchronizing with the HNB SFN;

- 1 TTI for MIB acquisition (timing known once HNB SFN is known);

- 1 TTI for SIB3 (or SIB4) acquisition.

Moreover, if the schedule of SIB3 (or SIB4) is not listed in the MIB, at least one additional TTI is needed to acquire the SB. Hence, autonomous gaps for UMTS SIB3 (or SIB4) acquisition from HNB can result in three 40 ms discontinuous gaps in CS voice on the source RAN if SIB3 is scheduled in MIB.

Question 2c) For UMTS, does reduction of the delay in acquiring system information by reducing the repetition periods of SIB3/SIB4 provide significant benefits for inbound mobility to HNBs?
Pedestrian environment simulations show that the extra time spent by a UE in acquisition of HNB System Information (with SIB_REP = 16 for SIB3 or SIB4) causes minimal increases in handover failure rate towards HNBs. This is compared against the (hypothetical) case where no System Acquisition was necessary for handover towards HNBs.
2. Actions:

RAN4 kindly asks RAN2 to take into account the above in making the decision how the UE shall acquire system information.
3. Date of Next RAN WG4 Meetings:

RAN WG4 Meeting #53
9th November – 13th November 2009, Jeju, Korea

RAN WG4 Meeting #53bis
18th January – 22nd January 2010, Sophia Antipolis, France

