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1. Introduction
In [1], RAN2 requested information on several aspects of inbound H(e)NB mobility from RAN4. The purpose of this contribution is to present analysis on the issues raised by RAN2 in order to help to formulate a response LS and discuss a way forward for the topic.
2. Discussion

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?

There are several issues involved in performing handover to a H(e)NB when the H(e)NB is not the strongest cell. Firstly, the initial access check prior to handover described in [1] will be more difficult for the UE to perform, as MIB and SIB1 in LTE, or MIB and SIB3/SIB4 in UTRA will be subject to strong interference from the downlink of the macro cell. Since the access check needs to be passed during handover preparation, this will limit the possibility to make an early handover.

Assuming that the handover can be performed successfully, then both uplink and downlink interference issues need to be considered. For the downlink, the victim of the interference is the UE which has just handed over to the H(e)NB and the situation very much depends on the operation of the macro cell packet scheduler and could change rather dynamically. For example the H(e)NB could be located rather close to a macro base station which could then decide to schedule another macro user on the cell edge at high power using overlapping resources.
Typically a node B or eNode B is capable of transmitting considerably more total power than its pilot power. For example, for UTRA in RAN4 demodulation testcases CPICH_Ec/Ior of -10dB is used, which might not be an atypical setting for a loaded macro basestation (or one serving cell edge users). If we also assume that the HNB is 10dB weaker than the macro NB, this in turn means that it is possible that the interference, Ioc, from the macro NB is 20dB stronger than the HNB CPICH. Considering that the CPICH is used for channel estimation, such an interference may have an impact even to low data rate services such as voice call, and it its also rather likely that HNB maximum output power restrictions would limit HSDPA operation in the presence of such an interferer (especially if trying to operate with 10 or 15 codes at SF=16).
The deterministic analysis of downlink interference depends heavily on the difference in pilot power between the macro and the H(e)NB which will be allowed, and also the location of the H(e)NB within the macro cell and on the operation of the packet scheduler. But the reception of a CPICH power or RS power from the macro cell which is significantly stronger than the H(e)NB CPICH or RS power is an indication of a risk that strong DL interference will occur, especially if not assuming close coordination between the cells. In view of the need to design mobility algorithms to operate in a robust way which do not strongly interact with the packet scheduler, it would appear risky to attempt handover to the H(e)NB when it is very significantly weaker than the macro cell. This could easily result in a dropped call if the macro NB becomes more active, or schedules cell edge users at high power, as orthogonality is lost as soon as the UE is handed over to the H(e)NB.
Considering uplink interference, due to the significantly lower path loss between the UE and the H(e)NB, the risks of uplink interference being a problem at the macro (e) node B are reduced in most cases. In any case, it seems feasible that the H(e)NB to set an appropriate maximum UE uplink TX power limitation(based on its knowledge of pathloss to the macro (e)NB ). As such, problem cases (eg H(e)NB which are located very close to the macro (e)node B) should be able to manage uplink interference towards the macro cell, and we have not identified any particular concerns, noting that RAN2 specifically asked about interference towards the macro cell.
Uplink interference at the H(e)NB receiver is potentially more of an issue, although this is more a matter for H(e)NB implementation. As noted in [2], RAN4 has studied interference mitigation for UTRA in TS25.967 and studies are ongoing for E-UTRAN. The efficiency of such methods depends on good H(e)NB implementation and the details of the design of the interference management system. For example, if using uplink receiver attenuation in the H(e)NB, what is the range that this has been designed to work over? It seems that the high performance operation of the uplink interference management features of the H(e)NB would become a significantly more critical aspect of the H(e)NB design if a UE is handed over to a H(e)NB when the H(e)NB is not the strongest cell, and it would therefore be important that this is accounted for in the design of the H(e)NB.
Conclusions

As there exists the possibility for downlink interference from the macro cell, handover to a H(e)NB when the H(e)NB is not the strongest cell seems to create some undesirable risks of poor call quality after the handover, depending on the offset between the H(e)NB and the macro (e)NB. Given that the UE should in such circumstances be getting good service from the serving macro e(NB) the need for an early handover would need further discussion. Our understanding is that the inbound handover to H(e)NB only becomes time critical when the UE becomes close to the area where there would otherwise be a hole in macro coverage in a shared carrier deployment.
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 including the case when the target is stronger than the serving cell?

When the H(e)NB and macro cell are close to equal strength, we believe it should typically be feasible to decode the MIB and SIB1 within a small number of repetitions with good probability as indicated in [2] and [3]. Decoding of system information is also the normal operation which occurs during reselection from macro (e)NB to H(e)NB for release 8 idle mobility. If the UE wishes, or is required to decode system information from the H(e)NB at an earlier stage then many more repetitions may be required eg as shown in [3], and if the H(e)NB  decoding attempt significantly later then there is a significant chance of radio link failure to the macro cell before the H(e)NB access check can be completed.

Shadowing fading of both the macro cell and H(e)NB may also delay the decoding of the system information. Hence we believe that for robust system design, the worst case assumption should be that a considerable number of attempts (eg tens of attempts) are needed, although this should not be the typical inbound handover performance, and it may be beneficial to consider a typical user experience where the system information can be decoded in a few repetitions in the next question 2b).

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.

For E-UTRA, as discussed in [2] speech calls generally have a 20ms semi-persistant assignment for first transmission of speech frames, and HARQ retransmissions occur dynamically. The UE has to aquire the MIB and SIB1 from the HeNB cell. The location of the MIB is only known by the UE to within a window of approximately 5ms, so around 5TTI may be missed by the UE. The impact of this depends on HARQ processing but in general it is reasonably proabable that the UE will miss either some first transmissions or retransmissions of the voice packet. Once the MIB has been decoded, the position of SIB1 should be well known by the UE, and the impact of SIB1 reception should be less. In general, we agree with the discussion in [2] that HARQ retransmission may well recover the packet in the case of SIB1 decoding.
For UMTS, the UE has to acquire the system frame number of the HNB cell, then decode the MIB, the SIB scheduling block(s) and the various segments of SIB3/4.
For the UMTS case, we assume that for intra-frequency handover (ie shared carrier deployments) it is possible to perform this reception in parallel with macro cell reception, and therefore there is no impact to ongoing voice call from lost speech frames. In the inter-frequency case, we assume that the UE would require gaps. Some overhead is implied every time the UE switches from the macro frequency to the H(e)NB frequency eg due to baseband receiver implementation and the need for channel estimation before demodulation is possible due to practical implementation aspects such as channel estimation, so we believe it makes sense to receive information which is segmented on consecutive TTIs as a single operation. Similarly, there may be some implementation margin when switching back to the serving node B. Due to the random timing offset between the DPCH of the macro NB and the PCPCH of the HNB, a minimum of two speech frames (40ms) are likely to be lost to receive one TTI of system information (20ms) from the target HNB even without consideration of implementation margin, and considering any implementation margin for the switching operations there is a possibility that 3 TTI of speech is lost (60ms). It can be seen that if a second consecutive segment of system information needs to be received, it is more efficient (in terms of overall number of lost frames) to continue receiving the PCCPCH from the target cell. In the example shown in figure 1, 3TTI of speech information are potentially lost to attempt to receive 1 TTI of PCCPCH information, but the UE may attempt to decode 2 TTI of PCCPCH information during 4 speech frames.
The exact impact on speech quality depends on 

· Need to decode scheduling block(s) (HNB implementation)

· Segmentation of SIB3/4 (HNB implementation). Usually SIB3 does not need to be segmented.
· Radio conditions at the time that the autonomous attempt is made (UE implementation)

However, from figure 1, it would appear that there may be at least 2-3 interruptions of around 60ms.

3. Conclusions

This contribution has discussed the questions raised in the liaison statement from RAN2 on inbound mobility [3]. The main points relating to the questions asked by RAN2 are

Q1: As there exists the possibility for downlink interference from the macro cell, handover to a H(e)NB when the H(e)NB is not the strongest cell seems to create some undesirable risks of poor call quality after the handover, depending on the offset between the H(e)NB and the macro (e)NB. Given that the UE should in such circumstances be getting good service from the serving macro e(NB) the need for an early handover would need further discussion. Our understanding is that the inbound handover to H(e)NB only becomes time critical when the UE becomes close to the area where there would otherwise be a hole in macro coverage in a shared carrier deployment.

Q2a: When the H(e)NB and macro cell are close to equal strength, we believe it should typically be feasible to decode the MIB and SIB1 within a small number of repetitions with good probability as indicated in [2] and [3]. If the UE wishes or is required to decode system information from the H(e)NB at an earlier stage then many more repetitions may be required eg as shown in [3], and if the H(e)NB  decoding attempt significantly later then there is a significant chance of radio link failure to the macro cell before the H(e)NB access check can be completed. Shadowing fading of both the macro cell and H(e)NB may also delay the decoding of the system information. Hence we believe that for robust system design, the worst case assumption should be that a considerable number of attempts (eg tens of attempts) are needed, although this should not be the typical inbound handover performance.

Q2b:In typical cases, the impact to speech in E-UTRA is small, with the main impact coming from the need to deocde the MIB of the target cell. There may be occasional cases when the MIB decoding takes a more significant number attempts and causes some lose speech packets. For UTRA a somewhat greater impact can be expected, eg 2 or 3 interruptions of 60ms. Considering that this is comparable with interruption time during handover execution the impact to voice quality may be noticeable but not highly significant, provided that the decoding often can be performed with good success rate on the first attempt.
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Figure 1 : Time to receive 2 TTI (40ms) from target system information, assuming implementation margin and timing offset between frames








