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1. Introduction
Recently, it has been broadly discussed: how to provide operator further gains during smooth migration from HSPA+ to LTE. With larger and larger commercial deployment of LTE, co-existing with HSPA+ NW in some regions, the idea of HSPA+LTE carrier aggregation (or refer as 7G) has been discussed in [1], [2] and [3], regarding 7G specific migration scenarios, potential solution framework and associated complexity assessment etc. In [4] at RAN2#74, one of the most promising 7G solution framework was proposed, where eNB serves as the primary RRC connection controlling node or anchor, and a new interface between eNB and NB takes care of the Inter-RAT communications for 7G. In this contribution, we shall continue discussing about the 7G solution framework, trying to identify some key issues to be considered for 7G.
2. Discussions
It is our present understanding that 7G technique can’t improve operator’s spectrum efficiency, but provide better user experiences in terms of DL peak data rate, latency and improve NW capacity&performance by means of faster load balancing (fastest: on TTI level). The gains resulting from 7G technique can display different degrees, up to operator’s concrete HSPA+LTE migration strategies and services&subscribers’ characteristics during migration phase. Without talking much about those aspects again, we assume 7G technique is to be adopted and draw our attention to some key issues worth considering.
2.1
New Interface for 7G
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Figure 1: eNB-anchored architecture for LTE+HSPA aggregation
As proposed in [4], the new interface between eNB and NB in Figure 1 is interesting to be studied further. In case the eNB and NB are co-sited and provided by the same NW vendor, such new interface can be implemented internally, without much standardization work; otherwise, standardization effort should be made in following two aspects at least: 

1: Such new interface may behave like X2, so that the anchor eNB can obtain target cells’ load/radio and other useful information from NB for more efficient 7G operation.

2: Such new interface may behave like Iub with eNB playing the proxy role of SRNC, so that NB can obtain UE specific (re)configuration information directly or indirectly, as well as MAC-d flows from eNB. In this sense, the NB may be under the control of eNB and RNC at the same time, so necessary coordination in-between must be made.

For the reason of more favourable LTE system performances, we share the view that: eNB-anchored architecture is of higher priority for 7G, and single UL physical feedback in LTE is preferred, in order to prevent adverse effects resulting from dual-systems UL physical feedbacks. Hence, the new interface should forward the HSPA+ transmission related HARQ feedback info to NB instead as quick as possible. In case of inter-site 7G operation, such HARQ feedback info forward activity shall impact the RTT statistics of HARQ operation in MAC-ehs, and may degrade the efficiency of link adaptation to different degrees. For this reason, the loss of 7G transmission gain needs more analysis to justify the usage of inter-site 7G operation. Or in order to populate the inter-site 7G operation, UE had better be able to do dual-systems UL physical feedbacks, where the issues like in-device interferences, power consumption and radiation mitigation on UE side must be solved.
Proposal 1: With potentially different amount of work involved, the study & specification of 7G operation should be made according to the following roadmap:
· Step 1: to achieve 7G operation in the case of co-site and same vendor.
· Step 2: to achieve 7G operation in the case of co-site and different vendors.

· Step 3: to achieve 7G operation in the case of inter-site and same/different vendors.
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Figure 2: Option 1 RNC-anchored architecture for LTE+HSPA aggregation
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Figure 3: Option 2 RNC-anchored architecture for LTE+HSPA aggregation
As contrast, we also depict the RNC-anchored architecture for 7G operation, where in Figure 2 a new “S1 and Iur alike” interface is setup between RNC and eNB, and in Figure 3 a new interface is setup between NB and eNB similar as the case in Figure 1. Compared with eNB-anchored architecture, RNC-anchored architecture is less efficient most of time in DL data transmission with the same objective conditions, but has some advantages in certain mobility scenarios. Especially, with CSFB and SRVCC features being activated, UE is inclined to move towards the control of RNC, hence RNC-anchored architecture can avoid some unnecessary toggling of RRC connection controlling node.
Proposal 2: The RNC-anchored architecture had better be studied as well, especially for hotspot LTE deployment in early phase.
2.2
User Plane Design
The 7G aims to achieve higher system performance gain via faster adaptation towards 4G and 3G radio conditions. The lower protocol layer the data splitting is located in, the bigger gain & complexity 7G is supposed to have. In the promising 7G solution framework in Figure 1, where the anchor eNB is responsible for data splitting & distributing and RRC connection maintaining and NB is responsible for transmitting incoming PDUs from eNB on HSPA+ carriers, data splitting can be made in either RLC layer or MAC layer. As for inter-site 7G operation, MAC layer based data splitting is hard to achieve, so we propose one more universal RLC layer based UP scheme in Figure 4 below:
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Figure 4:  One Potential eNB-anchored User Plane Design (Only DL)
In this UP scheme, we keep the existing LTE RLC/MAC and HSPA+ MAC entities untouched, and introduce a new logic entity located between LTE RLC and MAC entity (Note: Physically, it can be integrated into eNB RLC entity). The new logic entity consists of following functions at least:
1: Jointly schedule and distribute the eNB RLC PDUs in such way that its subordinate MAC-ehs and eNB-MAC can tackle incoming data efficiently. The data distribution strategy is up to several factors, such as available 3G, 4G frequency bandwidth/efficiency, short-term load situation per serving cell, and RTT statistics etc.
2: For the dispatched eNB RLC PDUs towards MAC-ehs, they may need to be converted into the format of MAC-d flows for NB, as if they are from the RNC MAC-d entity via Iub interface. Such converting can be either transparent sometimes or of some special logic processing for optimization.
[image: image5.png]RNC generates RLC PDU(s) RNC RLC

Joint scheduling/target-RAT distributing : Some RLC PDU(s)
go to NB and the others go to eNB (radio condition? Load?)

Converted to "SI flows” for eNB

New Entity in RNC?

Multiple HS-DSCH(s: Multiple DL-SCH(s)
hs: TT pms ) " eNB MAC: TTI=1ms




Figure 5:  One Potential RNC-anchored User Plane Design (Only DL)
As contrast, we also depict one RLC layer based UP scheme for RNC-anchored architecture in Figure 5. As we are not inexperienced with the RLC layer based UP scheme, and we believe many experiences and conclusions obtained from HSPA+ multi-point transmission technique can be well reused.
2.3 UE Mobility Involving 7G Anchor Change
LTE NW normally has heterogeneous deployment with HSPA+ NW, especially in terms of the cell size. There are three typical mobility scenarios where the 7G anchor needs to be changed and their corresponding impacts in UP and CP should be looked at:
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Figure 6:  Non contiguous 4G coverage over 3G coverage

Scenario 1: As shown in Figure 6 above, where Non contiguous 4G coverage exists on top of a larger 3G coverage, if the original anchor entity is eNB1, when UE moves outside eNB1 cell’s coverage, eNB1 may decide whether to transfer the anchor entity to RNC (If yes, then following the legacy inter-RAT HO procedure). After that, the 3G CN shall route the IP flows towards RNC for the leftover data session, and UE shall start performing single UL physical feedback in HSPA+. The whole mobility diagram is depicted in Figure 7. What new things different from inter-RAT HO are: eNB1 may continue taking the anchor if it can tell the 4G coverage can be re-accessed by UE in short time again, so that anchor toggling and associated UP interruptions can be avoided, and 4G CN shall continue routing the IP flows towards eNB1 for the leftover data session. As contrast, if the original anchor entity is RNC, when UE moves outside eNB1’s coverage, RNC has to fallback from 7G operation to HSPA+ intra-RAT carrier aggregation (3G operation), but without impacting anchor as well as IP flows in CN side. When UE moves towards eNB2 cell’s coverage, to achieve smooth upgrading from 3G operation to 7G operation, UE had better to detect and report eNB2 cell’s coverage in time, so that 7G operation can be restored quickly as soon as 7G resources become available. 
Figure 6 is typical in early phase of LTE deployment, and in order to avoid unnecessary anchor change between eNB and RNC, we assume it natural choice have RNC as the fixed anchor to handle the mobility of UE, as 3G provides larger coverage over 4G NW most of the time.
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Figure 7:  Figure 6 related mobility signaling
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 Figure 8:  Contiguous 4G coverage over 3G coverage

Scenario 2: As shown in Figure 8 above, where contiguous 4G coverage exists on top of 3G coverage, if the original anchor entity is eNB1, and when UE moves into eNB2 cell’s coverage, eNB1 may decide to transfer the anchor to eNB2 (If yes, following the legacy inter-eNB HO procedure). In addition, eNB1 should direct eNB2 to setup a new dedicated connection over the new interface with NB, and after that eNB1 shall delete the old dedicated connection over the new interface with NB. The whole mobility diagram is depicted in Figure 9. What new things different from inter-eNB HO are: eNB1 has to figure out whether 7G operation can be maintained seamlessly, taken the factors into account like inter-site aggregation capability, target eNB2’s 7G capability and resource availability. If not allowed, eNB1 or eNB2 has to fallback from 7G operation to LTE intra-RAT carrier aggregation (4G operation). As contrast, if the original anchor entity is RNC, when UE moves outside eNB1 cell’s coverage and detect eNB2 cell’s coverage, RNC shall decide how to maintain the 7G operation seamlessly, and may setup new dedicated connection over the new interface with NB2, and delete the old dedicated connection over the new interface with NB1. To ensure seamless 7G mobility, UE may have to measure and report LTE carriers relevantly more frequently, so that 7G operation can be maintained seamlessly. 

[image: image9.png]ez RNC ne MMESOW et ue

0. 6NB1 a anchor ransmit data to both 4G and 3.

1. Measuremelt feport (leaving NB 1 ooverage)
—

2. aNB1 decides whether NB2
an take the 7 anohor. I yes,
0 on with ollaning steps.

5. Requet N2 ot the naw ghotor

4 Setup new dadioated comeston wih NB

5. Confirm eNBZ totake the naw anbhar

6. Inter eNB HD fom s to eNE2

Delete old dedioated connaction with N

B RRE Qonnaction Reconfiution

9. eNE2 stars data
tare mission t both 46
nd 36





Figure 9:  Figure 8 related mobility signaling
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Figure 10:  4G coverage over inter-NB 3G coverage

Scenario 3: As shown in Figure 10 above, where 4G coverage exists on top of inter-NB 3G coverage, if the original anchor entity is eNB, and when UE moves from NB1 cell’s coverage into NB2 cell’s coverage, eNB continues taking the anchor, and may setup a new dedicated connection over the new interface with NB2, and delete the old dedicated connection over the new interface with NB1. Similar problems as scenario 2 are encountered and need to be solved. To ensure seamless 7G mobility, UE may have to measure and report the HSPA+ carriers relevantly more frequently, so that 7G operation can be maintained seamlessly.
2.4 UE Inter-RAT  Measurement
When UE reports detection of both HSPA+ and LTE carriers, the anchor entity shall decide whether and how to configure 7G operation. To assist optimal configurations for good 7G aggregation performances, UE may be required to perform inter-RAT measurement more frequently. Taking HSPA+ intra-RAT carrier aggregation for example, the mobility is based on conditions of primary serving HS cell, which means the 3G aggregation performance is mainly optimized via replacing old primary serving HS cell with better new target HS cell, or new LTE target serving cell (Pcell) via inter-RAT HO procedure. However, for 7G operation, it’s quite likely that the primary serving cell e.g. Pcell is good enough to be the anchor cell over a period of time, but its inter-RAT aggregated cells are under dynamic changes in terms of radio/load conditions. As shown in Figure 11, at time instant 0, UE is aggregating 4G cell 1 and 3G cell 1, and 3G cell 2 is another target 3G cell available for 7G operation on different UARFCN. At time instant 1, the 3G cell 1 is experiencing bad radio condition or load congestion, while the conditions of 3G cell 2 are OK to be aggregated. If UE is commanded to measure and report 3G cell 2, 3G cell 1 can be replaced by 3G cell 2, or 3G cell 1 + 3G cell 2 can be both added into the 7G aggregation cell set if UE supports, which may contribute to the robustness of 7G operation; Otherwise if 3G cell 1 is to be dropped, 7G operation has to be interrupted. In order to achieve above inter-RAT carrier optimization in 7G operation, a secondary anchor serving cell in addition to the primary anchor serving cell may be specified as the reference for optimizing inter-RAT aggregated carriers. We assume more frequent inter-RAT measurements are necessary to prevent often fallback or upgrade between 7G and non-7G operation.
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Figure 11:  Secondary anchor serving cell for optimization
2.5 L2 Protocol Impacts

For PDCP, RLC, MAC protocols, the corresponding impacts due to 7G are up to the final 7G architecture. For RLC protocol, the RLC transmission window size is sensitive about the aggregation dimension of 7G operation. In case higher dimensional LTE and HSPA+ carriers are supposed to be aggregated for DL data transmission, then to ensure good performance of RLC layer throughput, RLC transmission window size needs to be adjusted. For MAC protocol, we try to keep their intern functional sub-entity unchanged, but prefer to introduce a new logical entity on RLC layer, responsible for the 7G joint scheduling and data distributing.
Proposal 3: To specify the data splitting mechanism on RLC layer in anchor entity.
2.6 UE 7G Capability
Till Rel-11, HSPA+ capable UE can support maximum 8 DL carriers, 5M bandwidth, 2x2 MIMO, which amounts to 336M bps maximum. LTE+ capable UE can support maximum 5 DL carriers, max. 20M bandwidth, 4x4 MIMO, which amount to 1000M bps maximum. For 7G capable UE, from the peak data rate point of view, the UE may display a large variety of combined existing LTE, HSPA+ intra-RAT carrier aggregation capability. In addition, significant amount of RAN4 work is supposed to be made regarding: valid 7G operating band-combination and carrier combinations, whether 7G operation can be done jointly with dual-band HSPA+, LTE aggregation or intra-band NC HSPA+ aggregation etc.
3. Conclusions
In this contribution, we made some initial analysis about 7G key issues, assuming 7G technique is to be adopted. In general, we share similar views as expressed in [1] that the 7G technique shall cause a rather heavy specification burden. We would kindly ask RAN2 to consider following proposals:
Proposal 1: With potentially different amount of work involved, the study & specification of 7G operation should be made according to the following roadmap:

· Step 1: to achieve 7G operation in the case of co-site and same vendor.

· Step 2: to achieve 7G operation in the case of co-site and different vendors.

· Step 3: to achieve 7G operation in the case of inter-site and same/different vendors.

Proposal 2: The RNC-anchored architecture had better be studied as well, especially for hotspot LTE deployment in early phase.
Proposal 3: To specify the data splitting mechanism on RLC layer in anchor entity.
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