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1. Introduction
RAN#53 approved the new WI in [1] for MPT-HSDPA based on its predecessor SI. As one of most often use cases for MPT-HSDPA, SFDC feature enables UE to receive two independent HS-DSCH TBs from two different cells simutaneously, either residing in intra-NB or inter-NB, and in past lots of discussions have been made in those areas such as: How to split data in NW? How to adapt Iub flow control scheme for SFDC, etc. In addition to above critical U-plane issues, mobility behaviour for SFDC as well as for other MPT-HSDPA features in general sense is another important topic, because some special mobility aspects have been identified and explained in [2], [3], [4] with comparison with those for legacy multi-carrier HSDPA features. In this contribution, we shall provide our views in those regards, especially with contrast to DC-HSDPA operation. More complicated scenarios with higher dimension than SFDC and DC-HSDPA can be deducted and discussed further with same principle.
2. Discussions
For DC-HSDPA, it has been fixed that UE mobility is based on the radio/load conditions of primary serving HS-DSCH cell (Pcell) and the secondary serving HS-DSCH cell (Scell) always comes into play in another frequency layer as “attaching DL transmission” to Pcell without any additional physical channel establishment. Scell provides only HS-SCCH and HS-DSCH transmission contributing to overall DL data aggregation. No matter whichever kind of mobility procedure UE is undergoing for DC-HSDPA, RNC always routes all RLC PDUs towards the single serving NodeB where the Pcell resides, without any concern about situations for other NodeBs.
For SFDC, UE mobility is supposed to be based on the radio/load conditions of Pcell as well for simplicity, because SFDC feature inherits many of the characteristics for DC-HSDPA. Similarly, the Scell should also come into play in the same frequency layer as “attaching DL transmission” to Pcell. As proposed in some papers [2] and [3], Scell is believed to be in UE’s active set (AS), which we think it is mandatory for the case of inter-NB SFDC, but not always necessary for the case of intra-NB SFDC. Because, if UE has only RBs mapped on HS channels (purely PS non real time services), the associated F-DPCH and DPCCH in Pcell is already able to build robust power control closed loop between serving NB and UE for SFDC operation in the same way as DC-HSDPA, hence the additional DCH related configurations in Scell are actually not always necessary and may bring more processing complexity in that regard. That means SFDC capable NW&UE can still potentially aggregate two intra-NB cells, without adding the Scell into UE AS. However, from the practical operation viewpoints, the RF condition of Scell should not distinguish much from that of Pcell, and intra-NB softer HO is normally beneficial for UE mobility performances at cell border, although at the expense of addition resources for one more RL. Hence it’s also rational to say that NW had better select the Scell from UE AS, but it does not mean that Scell must be in UE AS.
Proposal 1: For intra-NB SFDC, NW had better select the Scell from UE AS, but Scell does not have to be in AS. For inter-NB SFDC, NW shall select the Scell from UE AS.
For legacy non-MPT HSDPA operation, RNC tends to choose the best cell within AS to serve as Pcell, and by that means the DL throughput performance can be optimised normally standalone. For SFDC, since the DL throughput performance is normally determined by quality of Pcell and Scell jointly altogether, hence it is rational for RNC to choose the two best cells within AS to serve as Pcell and Scell whenever possible. We assume this might be true in theoretical sense. Theoretically, there can be as many as 6 RLs in AS; however, NW&UE deployed today rarely reaches that upper bound for maximum number of RLs, and most likely maximum 3 RLs in AS from more practical point of view (For the cases of 4, 5,or 6 RLs in AS, the same principle explained below can also be applied). The most typical AS configurations with more than 1 RL for SFDC are summarized as below: (PNodeB indicates the serving NodeB where Pcell resides, the SNodeB indicates the other serving NodeBs involved in AS.)
1. PNodeB (2 RLs): It’s rare to have 3 RLs in the same NodeB. Such AS configuration is destined to perform Intra-NB SFDC, so no optimization is needed.

2. PNodeB (1 RL) + SNodeB (1 RL): Such AS configuration is destined to perform Inter-NB SFDC, so no optimization is needed.
3. PNodeB (2 RLs) + SNodeB (1 RL): Possible for optimization.
4. PNodeB (1 RL) + SNodeB (2 RL): Possible for optimization.
5. PNodeB (1 RL) + SNodeB 1 (1 RL) + SNodeB 2 (1 RL): Possible for optimization.

6. Etc…
Obviously, AS configuration 3, 4 and 5 are possible for optimization in more practical sense. However, for inter-NB SFDC, due to RNC splitting and routing RLC PDUs towards two NodeBs, the issue of reception skew shall degrade the whole DL throughput performance most of the time, and sometimes even outperform the throughput gain obtained from choosing Pcell and Scell of best quality. In our mind, for AS configuration 3, if Pcell is not changed, it might be more beneficial to fix the Scell at PNodeB to perform intra-NB SFDC than fixing it at SNodeB to perform “optimised inter-NB SFDC”, unless the RL at SNodeB is much better than that RL at PNodeB, i.e., delta quality is above certain threshold.

Proposal 2: In case Pcell is not changed and more than 2 RLs are available in AS for Scell optimization, RNC should take more privilege to configure Intra-NB SFDC operation than Inter-NB SFDC, unless the new inter-NB Scell is much better than the old Intra-NB Scell.
For AS configuration 4, if the single RL at PNodeB is not significantly better than those two RLs at SNodeB, it might be more beneficial to change the Pcell and fix the new Pcell and Scell at SNodeB to perform intra-NB SFDC than any kind of “optimised inter-NB SFDC” for the same reason above. It’s worth noting that such proposal is a little bit contradicting the legacy Pcell changing criteria, but it reflects the special mobility aspects for SFDC, namely RNC may need enhanced mechanism to choose best Pcell by taking the Scell into account jointly.
Proposal 3: In case Pcell is alone at current PNodeB and more than 2 RLs are available in AS, RNC should consider with new criteria at deciding how to change Pcell, if not involving much implementation complexity.
For AS configuration 5, we assume the selection of Pcell should follow the legacy way i.e. resulted from 1d event, and the criteria of “choosing the two best cells within AS” proposed in [3] can hold true without further concern. However, we do not often see AS configuration 5.
Proposal 4: In case multiple RLs in AS reside on different NodeBs for each alone, the criteria of “choosing the two best cells within AS” can be applied for SFDC.
Unlike the inter-NB mobility procedure for DC-HSDPA, where RNC has no worry about leftover RLC PDUs sent to old PNodeB, inter-NB mobility for SFDC shall result in data re-splitting, so RNC needs to take further care of transmission/re transmission of leftover RLC PDUs to old PNodeB and old SNodeB, so that RLC reset can be avoided as much as possible. It may lead to further DL transmission latency and degraded DL throughput performance. Hence, we are of the opinion that NW should have more robust means to evaluate whether inter-NB SFDC is suitable to be configured or not, especially with the additional arguments to be explained below:
Despite of the facts that inter-NB SFDC can provide more DL transmission aggregation gain for UE from the simulations; Intra-NB SFDC enjoys the benefits of simplicity and easier management of activation/deactivation and DRX operations for Scell; In contrast, inter-NB SFDC shall involve additional procedures for status info coordination between NodeBs, so inter-NB SFDC had better be avoided unless i.e. there left only AS configuration 2 as above, for no Intra-NB SFDC choice.
For DC-HSDPA, NodeB uses HS-SCCH orders to perform dynamic activation/deactivation of Scell and CPC operation per specific UE. One of main benefits is that UE can save battery life; meanwhile restore DL transmission with higher data rate more quickly than deconfiguring/configuring of Scell. During the whole HS-SCCH order process, no concerns were raised about PDU loss or UE behaviour misalignment. However, for inter-NB SFDC, due to unknown timing differences and lack of quick communication interface between NodeBs, it’s impossible to apply above HS-SCCH order processes properly without RNC based coordination. We share the same proposal in [4] that dynamic activation/deactivation and DRX interaction for inter-NB SFDC should be avoided. As matter of fact, the UE battery life saving benefit from dynamic activation/deactivation or DRX for SFDC is not as much as that for DC-HSDPA. Whenever NW has less provision of DL data, it’s wiser for RNC to deconfigure Scell instead of deactivating it, so that the inefficiency from reception skew can be avoided completely. Besides, as suggested in Proposal 2 and 3 above, once UE finds one suitable RL entering reporting range of AS, RNC may decide to reconfigure Pcell and Scell for intra-NB SFDC as soon as possible, so that the time spent in inter-NB SFDC operation may be rather limited.
Proposal 5: NW had better maintain UE in intra-NB SFDC operation rather than inter-NB SFDC if conditions allow, and dynamic activation/deactivation and DRX interaction for inter-NB SFDC should not be allowed.
7. Conclusions
In this contribution, we discussed some special mobility aspects for SFDC, and RAN2 is kindly asked to discuss following proposals:
Proposal 1: For intra-NB SFDC, NW had better select the Scell from UE AS, but Scell does not have to be in AS. For inter-NB SFDC, NW shall select the Scell from UE AS.
Proposal 2: In case Pcell is not changed and more than 2 RLs are available in AS for Scell optimization, RNC should take more privilege to configure Intra-NB SFDC operation than Inter-NB SFDC, unless the new inter-NB Scell is much better than the old Intra-NB Scell.

Proposal 3: In case Pcell is alone at current PNodeB and more than 2 RLs are available in AS, RNC should consider with new criteria at deciding how to change Pcell, if not involving much implementation complexity.
Proposal 4: In case multiple RLs in AS reside on different NodeBs for each alone, the criteria of “choosing the two best cells within AS” can be applied for SFDC.
Proposal 5: NW had better maintain UE in intra-NB SFDC operation rather than inter-NB SFDC if conditions allow, and dynamic activation/deactivation and DRX interaction for inter-NB SFDC should not be allowed.
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