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1.
Introduction
Connected mode inbound mobility to H(e)NBs is a topic of discussion for the Release 9 H(e)NB enhancements Work Items [1]. Several important issues with the handover to H(e)NB are being discussed [2]: the problems with detecting and uniquely identifying a H(e)NB, and access checking to determine whether the UE is allowed to access to the encountered H(e)NB prior to the handover. A possible approach is for the UE to acquire cell global ID and CSG ID of the H(e)NB. However, this approach requires long idle periods for the UE, especially when the target H(e)NB is operating on a frequency different from the source (e)NB [3]. As a solution to these issues, [4] proposed that the H(e)NB transmits its system information on the (e)NB’s frequency. This document further develops the proposed solution for inbound mobility for intra-frequency, inter-frequency and inter-RAT cases.
2. Proposed Solution
2.1 Intra-frequency inbound mobility

In order to uniquely identify a H(e)NB and perform preliminary access checking, the UE, for example, can try to read the system information of the H(e)NB. For UMTS, this is not a big problem [5]. For LTE, this requires long idle periods for the UE and may hinder reliable communication with the serving eNB for services with short latency. One of reasons for long idle periods is that the SIB1 that contains the cell global ID and CSG ID the UE wants to acquire is transmitted every 20ms with the TTI of 80ms.
Transmitting the SIB1 with a much shorter period, say 5ms or 10ms, will help reduce the gap needed to read the SIB1, but will also increase the overhead significantly. A more efficient approach is to define a new SIB, say SIBx, that consists of the minimum number of bits to deliver the cell global ID and CSG ID. The HeNB can transmit the SIBx every 5 or 10 ms at fixed subframe numbers in addition to the SIB1, while the macro eNB does not transmit the SIBx. At those fixed subframes for SIBx, the UE reads the PDCCH to locate the SIBx. When the UE detects a HeNB, the UE reads the MIB and SIBx, but not the SIB1, in order to uniquely identify the HeNB and perform preliminary access check. This will reduce the gap needed for the UE. On the other hand, for the macro eNB, the UE will not (and can not) read SIBx. Ideally, the gap needed for the UE to read the MIB and SIBx will go down as low as 10ms, but in practice the lowest limit would be about 20ms.
Proposal 1a: The HeNB transmits SIBx every TBD ms at fixed subframe numbers, where SIBx is a newly defined system information block that consists of the plmn-IdentityList, cellIdentity, csg-Indication and csg-Identity of the HeNB.

In UTRA, the Cell Identity and CSG Identity are broadcast in SIB3. According to [5], in UMTS, UEs in CELL_DCH already have the capability to read the BCCH logical channel (where the SIBs are broadcast). But, still, defining a new SIB in UMTS, say SIBy, and transmitting it more frequently than the SIB3 will help lower the overhead. Note that since the plmn-IdentityList and csg-Indication are already contained in the MIB for the UTRA, they are no longer needed in SIBy.
Proposal 1b: The HNB transmits SIBy every TBD ms, where SIBy is a newly defined system information block that consists of the Cell Identity and CSG Identity of the HNB.
2.2 Inter-frequency/RAT inbound mobility
In order for a macro UE to detect a H(e)NB that is on a frequency different from the serving macro (e)NB, the UE has to constantly take inter-frequency measurements which requires long gaps. The proposed solution to the inter-frequency handover is to allow the H(e)NB to transmit its system information on the macro (e)NB’s frequency, within the H(e)NB’s coverage, while the H(e)NB is serving on a different frequency. If a macro UE connected to the macro (e)NB can receive and decode this signal without an error, the UE interprets that it is in the cell coverage of a H(e)NB, and uses the received information to uniquely identify the H(e)NB and perform preliminary access check prior to handover. 
The relevant system information to be transmitted is MIB and SIBx for LTE, and MIB, SIBy for UMTS. Furthermore, synchronization signals (PSS and SSS for LTE) or synchronization channels (SCH for UMTS) have to be transmitted as well. The UE will rely on the synchronization signals/channels to detect the signal and to acquire the PCI/PSC. This means that for FDD LTE, subframes #0, #5 and subframes for SIBx are transmitted. For FDD UMTS, two consecutive frames are transmitted because of 20ms interleaving done at the Primary CCPCH. 
In addition, in order to inform the UE of the carrier frequency of the H(e)NB, an additional information element for the H(e)NB’s serving frequency is added to the SIBx and SIBy as an option. Furthermore, in order to support inter-RAT inbound mobility, a RAT indicator is also included as an option. 

Proposal 2: SIBx and SIBy further contain optional information elements for the H(e)NB’s serving frequency and RAT indicator.
Proposal 3a: H(e)NB can transmit signals containing its system information related to inbound mobility on the macro eNB’s frequency other than its serving frequency, where the transmitted signals are subframe #0 with PSS, SSS, PBCH and RS, subframe #5 with PSS and SSS, and subframes with SIBx, PCFICH, PDCCH and RS.
Proposal 3b: H(e)NB can transmit signals containing its system information related to inbound mobility on the macro NB’s frequency other than its serving frequency, where the transmitted signals are two consecutive frames with Primary CCPCH containing MIB, SIBy, and SCH.
2.3 Transmission period of SIBx/y
The transmission of the above signal will generate interference to the macro (e)NB cell. Furthermore, if the H(e)NB can only serve one carrier frequency at a time, the H(e)NB has to switch its frequency to send the above signal on non-serving frequencies. This operation will incur loss of throughput at the H(e)NB cell. So, the transmission of the above signal should be carefully chosen to minimize the price to pay for this operation and still satisfy the inbound mobility requirement. Considering the relaxed requirement of 10-30 s for inter-frequency mobility [6], the signal needs to be transmitted only occasionally, for example, once in T =1 or 2 s. In addition, for LTE, in order to ensure that the UE detects and reads the SIBx, each frame transmission should be extended in a burst, for example, for L frames. 
To transmit the subframes #0 and #5 on non-serving frequency, the HeNB chooses the time instances other than the subframes #0 and #5 of its own serving cell. Otherwise, this will cause loss of an entire frame at its own cell. Therefore, at every T s, the HeNB while serving at frequency f_h, switches its frequency to f_m at subframes # n and # (n+5) of its own cell, for some n=1, …4, and transmits subframes #0 and #5 at f_m, and repeats this for L consecutive frame duration. Then, the HeNB stays at its serving frequency f_h until the next time period. This is illustrated at Figure 1. In this illustration, the SIBx’s subframes are assumed to be #0 and/or #5. During this operation, the HeNB has to carefully schedule the downlink traffic. Optimum values for L and T are FFS.


[image: image1]
Figure 1. The signal transmissions of the HeNB in the proposed solution for the LTE eNB cell.
For the UMTS, we understand that L=2 consecutive frames are enough for signal reception by the UE. Therefore, HNB has to transmit entire two frames at macro cell’s frequency f_m, and then return to its serving frequency f_h. This will cause transmission blockage at the home cell for 20ms at every T s. The effect of this signal blockage to various services at the home cell is FFS.
Inter-RAT scenarios can be considered as well: for eNB-HNB and NB-HeNB cases.
In addition to the above method of controlling the transmission period, power control of the transmitted signal will be beneficial for further reduction of interference.
Issue 1: Preferred signal transmission period, burst duration and power control mechanism is FFS.
3. SIBx without PSS and SSS
Further enhancement is possible if the H(e)NB is synchronized to the macro cell. In particular, for LTE eNB, if the SIBx from all H(e)NBs are transmitted synchronously within the OFDM CP size and its time and resource block is known in advance, PSS and SSS can be omitted: in this case, the H(e)NB transmits SIBx and dedicated reference signal only. This will minimize the interference to the LTE macro cell and the throughput loss at the home cell. For this purpose, the LTE eNB reserves subframes and resource blocks, and broadcasts its allocation to UEs. H(e)NBs transmit the SIBx at the reserved time and resource blocks synchronously. Since each SIBx is scrambled using PCI/PSC of the H(e)NB and the UE does not have any prior information on the PCI/PSC, the UE has to blindly decode the SIBx for all the possible PCI/PSCs of H(e)NBs. In order to reduce the hardware complexity, the receiver may decode the SIBx for one PCI/PSC after another. This will incur some delay, but not significant. Since this scheme minimizes the interference to macro cell and the throughput loss at the home cell, it is worth considering for future H(e)NB enhancement, such as for LTE-Advanced or LTE-TDD.
Issue2: Further enhancement of the proposed solution towards LTE-Advanced or LTE-TDD is FFS.

4. Conclusion

This document proposed a solution for intra-frequency, inter-frequency and inter-RAT inbound mobility to H(e)NBs as follows:
Proposal 1a: The HeNB transmits SIBx every TBD ms at fixed subframe numbers, where SIBx is a newly defined system information block that consists of the plmn-IdentityList, cellIdentity, csg-Indication and csg-Identity of the HeNB.

Proposal 1b: The HNB transmits SIBy every TBD ms, where SIBy is a newly defined system information block that consists of the Cell Identity and CSG Identity of the HNB.

Proposal 2: SIBx and SIBy further contain optional information elements for the H(e)NB’s serving frequency and RAT indicator.

Proposal 3a: H(e)NB can transmit signals containing its system information related to inbound mobility on the macro eNB’s frequency other than its serving frequency, where the transmitted signals are subframe #0 with PSS, SSS, PBCH and RS, subframe #5 with PSS and SSS, and subframes with SIBx, PCFICH, PDCCH and RS.
Proposal 3b: H(e)NB can transmit signals containing its system information related to inbound mobility on the macro NB’s frequency other than its serving frequency, where the transmitted signals are two consecutive frames with Primary CCPCH containing MIB, SIBy, and SCH.

Also this document identified several issues associated with the proposed solution.
Issue 1: Preferred signal transmission period, burst duration and power control mechanism is FFS.
Issue2: Further enhancement of the proposed solution towards LTE-Advanced or LTE-TDD is FFS.

5.
References

[1] RP-090351, “Support of Home NB and Home eNB enhancements RAN2 aspects”
[2] R2-09xxxx, “[65b-3]: Inbound CSG mobility” 
[3] R2-092142, “Inbound handover to CSG and hybrid cells”, InterDigital.
[4] R2-092424, “Issues with UE autonomous search function for Home-eNB cells”, Samsung. 
[5] R2-092177, “UE behaviour for Intra-frequency Active Hand-in to HNBs”, Qualcomm Europe. 
[6] 3GPP TS 36.300, “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2”. 











































































































































































…
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Burst duration 10xL ms





Transmission period T s
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One frame duration with nulls at subrames #n & #(n+5)
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One frame duration with subrames #0 & #5
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