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1. Introduction 
In RAN2#94 meeting, RAN2 discussed the technical details of solution 2 options and tried to exclude some of the options. The agreements achieved with regard to down-selection of candidate options are listed as follows.
=>
RAN2 will choose at most one solution from the solution group 2 to be further considered in the Work Item
=>
Remove options of CAT C and D from the candidate options of solution 2 family.

=>
Remove option 2a and 2b in R2-163863 from the candidate options of solution 2 family

=>
Remove option 6 in R2-163863 from the candidate options of solution 2 family.

Option 6 [1] was removed from the candidate options of solution 2 family on the nebulous ground that the “UE indication” is unlikely to be delivered successfully from the lessons learnt in HetNet mobility WI [2]. However, that is not a reasonable observation.
In this contribution, we further discuss the reliability issue of the “UE indication” in Option 6 and show that the “UE indication” is highly likely to be delivered successfully to the source eNB.
2. Discussion on Reliability Issue of “UE indication”
The “UE indication”, i.e., Handover Indication from the UE, in Option 6 is transmitted on PUSCH. The UE can transmit UL data on PUSCH as allowed by the UL grant which is sent by eNB on PDCCH. Therefore, the performance of both PDCCH and PUSCH should be reasonably reliable in the cell edge region in order that the “UE indication” can be delivered successfully to the source eNB. We discuss PDCCH performance for UL grant and PUSCH performance for UL transmission, in the cell edge region.
2.1. PDCCH Performance for UL Grant 
In [2], there is an observation that the “UE indication” is unlikely to be delivered successfully as the UE is unlikely to receive UL grant from the source eNB when the channel condition is poor during or after the HO command. However, the observation is not reasonable and different from the common understanding.

First, the observation is different from the common understanding and contradicts the rationale behind solution 2. It should be noted that there is an enough probability that the UE can successfully receive PDCCH even if T310 is running, considering that Qout corresponds to the link quality where PDCCH has 10% error [3]. Nevertheless, if we assume that the UE is unlikely to receive PDCCH UL grant from the source eNB, then the UE is unlikely to receive PDCCH DL assignment from the source eNB neither. If so, the UE is unlikely to receive DL data from the source eNB and this means that solution 2 does not help to reduce the service interruption time at all.
Observation 1: There is an enough probability that the UE can successfully receive PDCCH even if T310 is running.

Observation 2: For solution 2, in order to reduce the service interruption time, we need to assume an acceptable PDCCH performance.

Next, the observation is not reasonable and different from the agreements in eICIC WI. The RAN1 agreements achieved with regard to identification of co-channel problem and needs in macro-pico deployment are listed as follows [4].
1) Macro-Pico deployment- without any range expansion schemes (scenario 1) 
* DL

        - No Problem for control channel

        - Reuse R8/9 ICIC for data channel

* UL

        - Reuse R8/9 power control mechanism for both control and data channel
        - Other enhancement (e.g. power control parameter optimization) FFS
2) Macro-Pico deployment- with range expansion schemes (scenario 2) 
* DL

        - No problem for control channel when bias is low. When bias is high, there is serious control channel interference, in which case Rel8/9 ICIC techniques are not fully effective in mitigating interference and enhanced interference managements are needed. Optimal bias setting is FFS.
* UL

        - Reuse R8/9 power control mechanism for both control and data channel
        - Other enhancement (e.g. power control parameter optimization) FFS
* Whether range expansion is applied needs further study

Majority companies confirmed small bias range expansion can improve the system performance and it can be realized by implementation without any impact to standardization. Large bias (the example value which has been identified by many companies is beyond 6 dB) range expansion will cause degradation on DL control channel [5]. Moreover, Rel-10 eICIC and Rel-11 feICIC enable even further CRE bias, increasing up to 9 dB.
Observation 3: There is no problem for PDCCH even if a reasonable bias, e.g., up to 6 dB, is used in co-channel macro-pico deployment.
An alternative to dynamic UL grant is to provide SPS resources with sufficiently short period to allow UL pre-scheduling. The source eNB can provide SPS configuration which is used by the UE to transmit “UE indication”. The UE can skip SPS transmissions when there is no data and the source eNB can release SPS configuration after receiving “UE indication” from the UE.

Observation 4: As an alternative to dynamic UL grant, the source eNB can provide SPS configuration which is used by the UE to transmit the “UE indication”.
2.2. PUSCH Performance for UL Transmission

Again, from the RAN1 agreements in the above clause, we can assume that there is no problem for PUSCH in co-channel macro-pico deployment. Moreover, the UL performance is improved with bias increase because CRE has another advantage of reduced UL interference in the system [6].
Observation 5: There is no problem for PUSCH in co-channel macro-pico deployment regardless of bias value.
Based on the above discussion, we see that the “UE indication” is highly likely to be delivered successfully to the source eNB.
Observation 6: The “UE indication” is highly likely to be delivered successfully to the source eNB.
3. Discussion on Candidate Options of solution 2 family
In RAN2#94 meeting, RAN2 removed option 2, 3, 5, 6, 7, and 8 in R2-163863 from the candidate options of solution 2 family. The remaining options are 1 and 4. However, in option 1 and 4, since the source eNB is not aware of the exact time of the source connection release if UE automatically stops the transmission/reception towards the source eNB, a lot of radio resources may be wasted as the source eNB continues scheduling the UE [7]. The source eNB should be made aware that it can stop transmissions to the UE to avoid the waste of radio resources. This indication can come from the UE or from the target eNB with the X2 option [8]. In Option 6, we can completely avoid the waste of radio resources if the source eNB stops the transmission/reception after it successfully receives the handover indication and sends an ACK of the indication and the UE stops the transmission/reception after it receives the ACK.
Table 1 shows the performance comparison of handover of single connectivity without RACH-less feature and Table 2 shows the performance comparison of handover of single connectivity with RACH-less feature. The best performance is highlighted in blue and bold and the worst performance is highlighted in red and bold. In option 1 and 4 case, data forwarding immediately after sending RRCConnectionReconfiguration message to the UE is assumed. In solution 2 with X2 indication case, X2 indication after handover complete is assumed.
Table 1. Performance Comparison of handover of single connectivity without RACH-less feature 
	
	Mobility interruption time (ms)
	Duration of data forwarding (ms)
	Duration of the waste of radio resources (ms)

	Legacy HO in case stop sending data to UE
	MAX(49.5, X2)
	49.5 + 2 * S1
	0

	Option 1
	MAX(14.5, (X2-35))
	49.5 + 2 * S1
	14.5 + 2 * S1 + X2

	Option 6 (Case I)
	MAX(14.5, X2)*
	14.5 + 2 * S1
	0

	Solution 2 with X2 indication option
	14.5 + 2 * X2
	2 * S1
	14.5 + X2


* in case where X2 is smaller than 14.5 ms
Table 2. Performance Comparison of handover of single connectivity with RACH-less feature
	
	Mobility interruption time (ms)
	Duration of data forwarding (ms)
	Duration of the waste of radio resources (ms)

	Option 4
	6
	41 + 2 * S1
	6 + 2 * S1 + X2

	Option 6 (Case I)
	MAX(6, X2)*
	6 + 2 * S1
	0

	Solution 2 with X2 indication option
	6 + 2 * X2
	2 * S1
	6 + X2


* in case where X2 is smaller than 6 ms

In Option 6, even if the “UE indication” transmission fails, the UE can execute a HO successfully to the target eNB. In that case, the performance is the same as “Solution 2 with X2 indication option”, better than that of legacy HO. If data forwarding immediately after sending RRCConnectionReconfiguration message to the UE is assumed, the performance can be the same as Option 1 or Option 4.

Observation 7: In option 1 and 4, since the source eNB is not aware of the exact time of the source connection release, if UE automatically stops the transmission/reception towards the source eNB, a lot of radio resources may be wasted as the source eNB continues scheduling the UE.

Observation 8: With Option 6, the mobility interruption time can be minimized without the waste of radio resources.

4. 10 Advantages from Option 6 [1]
1.
With Option 6, the source eNB can keep sending data to the UE during handover just before the Handover Indication from the UE and therefore the service interruption time can be reduced. 
1.
With Option 6, we can implement “synchronized handover”. In synchronized handover, the time when the source eNB stops sending data to the UE and the time when the UE disconnects from the source cell can be synchronized and therefore we can completely avoid the waste of radio resources. 
3.
With Option 6, the mobility interruption time can be minimized with the minimal amount of X2 data forwarding in case of the UE without support of the simultaneous TX/RX or TDM TX/RX operation. 
4.
With Option 6, the mobility interruption time can be 0 ms with the minimal amount of X2 data forwarding in case of the UE with support of the simultaneous TX/RX or TDM TX/RX operation.
5.
With Option 6 and an extension of early handover command solution, the probability of HOF is always zero regardless of the UE speed and the size of HO region, theoretically.
6.
With Option 6 and an extension of early handover command solution, we can solve the trade-off between the HOF rate and the PP rate, achieving zero HOF rate without increasing the PP rate. 
7.
With Option 6 and an extension of keeping fast moving users out of small cells, this solution can accomplish zero HOF rate and zero PP rate simultaneously. 
8.
With Option 6 and an extension of early handover command solution, we can achieve the effect of sophisticated HO parameter tuning, automatically adjusted to the UE speed and the size of HO region, without conscious effort. 

9.
With Option 6 and an extension of early handover command solution, multiple HO preparations are helpful for a successful HO as well as a successful re-establishment.
10.
With Option 6 and an extension of early handover command solution, we can develop a comprehensive mobility management framework for Next Generation system that is adaptive, flexible and intelligent, to cater for the disparate NextGen mobility requirements.
Observation 9: Option 6 can be a great help to not only the mobility interruption time but also the mobility robustness at the same time.
5. Conclusion
Observation 1: There is an enough probability that the UE can successfully receive PDCCH even if T310 is running.

Observation 2: For solution 2, in order to reduce the service interruption time, we need to assume an acceptable PDCCH performance.

Observation 3: There is no problem for PDCCH even if a reasonable bias, e.g., up to 6 dB, is used in co-channel macro-pico deployment.
Observation 4: As an alternative to dynamic UL grant, the source eNB can provide SPS configuration which is used by the UE to transmit the “UE indication”.
Observation 5: There is no problem for PUSCH in co-channel macro-pico deployment regardless of bias value.
Observation 6: The “UE indication” is highly likely to be delivered successfully to the source eNB.
Observation 7: In option 1 and 4, since the source eNB is not aware of the exact time of the source connection release, if UE automatically stops the transmission/reception towards the source eNB, a lot of radio resources may be wasted as the source eNB continues scheduling the UE.

Observation 8: With Option 6, the mobility interruption time can be minimized without the waste of radio resources.

Observation 9: Option 6 can be a great help to not only the mobility interruption time but also the mobility robustness at the same time.
As discussed in our companion paper [9],

Proposal: RAN2 is kindly requested to adopt Option 6, i.e., “UE Indication” to resolve all the major remaining issues at the same time.
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