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1 Introduction 
In RAN #65 meeting, new study item of HSPA and LTE joint operation was proposed [1]. In this contribution, the motivations of new study item of HSPA and LTE joint operation are summarized for further discussion.
2 Motivation of HSPA and LTE Joint Operation
Although 331 LTE network have been world-widely deployed in 156 countries [2], UMTS subscribers are still growing in the most regional markets till 2019 [3]. According to the survey of GSA [3], UMTS subscribers are the most amount group in Central and Eastern Europe (65%), Latin America (65%), Western Europe (50%), Middle East & Africa (65%) and Asia Pacific (40%). It is expected that WCDMA/HSPA and LTE will be co-existing for a relatively long time. From the LTE network development experience of North America and Japan, it is observed that most users are smoothly mitigating from the mature WCDMA/HSPA network to LTE depending on the marketing policy.
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Figure 1. Subscriber distribution for global marketing [4]
For very long time, there are still advantages of UMTS network than LTE network based on the network development status. Firstly, UMTS network provides better coverage and service quality in most regional markets as operators have done lots of optimization works over UMTS networks. While it will take years to optimize the coverage of LTE network during the initial deployment phase which brings great challenge for providing continuous service in the coverage area even though GSM spectrum is refarming to LTE for coverage improvement. It will take more efforts and times for operators on network planning and optimization to provide as good coverage and quality as the existing UMTS network. Secondly, it is observed that higher frequency LTE bands such as 2.6 GHz is also challenging for providing continuous coverage e.g. from outdoor to indoor area, due to the propagation character difference from lower frequency bands. UMTS could provide reliable voice service with soft handover, while VoLTE still needs more work to promote the competitive service. 
Based on the above analysis, HSPA and LTE joint operation, which is treated as a competitive solution to maximize UMTS and LTE spectrum resource usage and combine the advantage of good coverage in UMTS and high data rate in LTE at the same time, should be considered during long-term co-existing of UMTS and LTE.
2.1 Benefits of HSPA and LTE Joint Operation
So far as the standardization works, users could only camp on and access to either LTE or HSPA, and the users could handover/re-direct from one RAT to another RAT for inter-RAT load balance. Joint operation of HSPA and LTE aims to study the possible solutions for capacity boosting and mobility robustness which guarantees the performance of legacy users. It is noted that DC-HSPA could provide 42Mbps in 10MHz bandwidth, which is a competitive data rate of Cate 3 LTE terminal with 100Mbps in 20MHz bandwidth. The solution of HSPA and LTE joint operation could enhance the user data rate as well as flexibly balance the traffic load between LTE and HSPA, which could provide a more efficient spectrum utilization manner. If users are flexibly scheduled in two RATs and users’ data is transmitting in two RAT spectrum, single user’s peak data rate integrating of HSPA and LTE could be greatly increased. The spectrum usage with and without HSPA and LTE joint operation is shown in figure 2. It’s observed from figure 2 that the available spectrum of LTE and HSPA could be flexibly scheduled for each single user.
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Figure 2. An illustration of HSPA and LTE joint operation
It’s also expected that the solutions of HSPA and LTE joint operation improve the robustness of mobility since it avoids unnecessary inter-RAT handover. If one user access to two RATs, it is possible to enhance mobility performance for bear splitting over the air interface, for example, CS voice over UMTS while high data rate of PS service over LTE without the need of CSFB.
2.2 Use cases of HSPA and LTE Joint Operation

The possible architecture for HSPA and LTE joint operation could be intra-site or inter-site scenario, as shown in figure 3. For intra-site scenario, both HSPA carrier and LTE carrier are transmitting from the same base station with ideal backhaul, since the HSPA NodeB and LTE eNodeB are collocated in the same site shown in figure 3-(a). For inter-site scenario, HSPA carrier and LTE carrier are individually sent from two base stations with large latency of non-ideal backhaul, which is illustrated in figure 3-(b).
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Figure 3. HSPA and LTE joint operation of intra-site (a) and inter-site (b) scenarios
As shown in figure 3 above, NodeB and eNodeB are physically separated for (b), while joint operation between the two should require info exchange between the two base stations, which potentially raises the need for the interface between RNC/NodeB and eNodeB. That may introduce significant spec work and will impact the selection of anchored RAT; on other side, some spec work still needs to be considered between RNC and NodeB/eNodeB which could be on top of legacy Iub, more discussions could be referred in the following sections.
Observation 1: Differentiating the architectures between intra-site and inter-site is the first point to be studied in the study item. The intra-site scenario is shown to be a more practical scenario with less spec impacts.

2.3 Objective of Study on HSPA and LTE Joint Operation
The proposed new study could firstly cover the use cases and scenarios of HSPA and LTE joint operation deployment, and then the potential gain needs be accordingly evaluated under such study.
Besides to support the HSPA and LTE joint operation, the standard impacts of both control plane and user plane should be carefully evaluated during the further discussion. The purpose of HSPA and LTE joint operation aims to find out some proper solutions to simultaneous transmission on both HSPA and LTE carriers with the limited standard impacts, especially on the HSPA standards.
3GPP has been working on the standardization of dual connectivity for intra-system scenario in recent release programs to increase LTE user’s peak data rate. For dual connectivity, one user’s data could be splitting or merging in PDCP layer, while one user’s date is aggregated on MAC layer in the carrier aggregation. Therefore, it is advisable to just consider dual connectivity solution in the study to minimize the impacts of PHY and MAC layers.
2.4 Possible Directions of Study on HSPA and LTE Joint Operation
2.4.1 Which level to perform joint operation?
As discussed above, the main intention for joint operation is to allow UE to enjoy simultaneous UMTS and LTE service, i.e. two simultaneous connections. From network side, technically there are two places which could decide and perform simultaneous connections, CN level node and RAN level node.

The pros and cons of the two mechanisms are obvious, the CN level mechanism may be of no standard impact, but the main drawback here is, CN level is unaware of radio resource usage, which actually fails to achieve better resource usage between two RATs. While for RAN level mechanism, RAN spec is inevitably impacted, as RAN is the entity in charge of radio resource allocation. In light of this point, it is concluded that RAN is the more suitable level to perform joint operation.
Based on the working assumption of RAN level joint operation, the further question to answer is the granularity of joint operation. Technically, this could be per RAB/RB or per packet. The difference is obvious that additional complexity inside UE is expected for per packet case since UE needs to resemble packets from two RATS and submit to up layers in order. But for per RAB/RB case, the only requirement for UE is to maintain two RBs from two RATs in parallel, and the UE behaviour is the same as the legacy way. 
Observation 2: It is suggested to focus on RAN level joint operation in the study item. Further discuss on the granularity for joint operation, either per RAB/RB case or per packet case, is suggested to concern on UE impacts.
2.4.2 Which RAT to be anchored?

If RAN is assumed to be the level for joint operation, the following question of which RAT is located needs to be discussed. Technically the anchor node could be either UMTS or LTE. There are some factors affecting the selection of the anchored RAT, such as the coverage of the RAT, the consequent spec impact, voice deployment strategy etc., here we could have elementary analysis.
Both the UTMS anchor node and the LTE anchor node could be fully discussed and studied on the spec impact, etc., in the future. If UMTS coverage is wider than LTE in current stage, anchoring in UMTS could guarantee the mobility and continuity for CS voice; while LTE deployment and VoLTE deployment becomes universal, LTE anchored solution could also be considered.
The different anchor node would affect data splitting on different level. For example, if LTE eNodeB is selected as the anchored node together with the intra-site architecture, the data splitting layer would better be MAC layer. And if RNC is the anchor node, PDCP/RLC data split would be considered and current HSPA multi-flow function in user plan would be re-used to some extension. For further discussion, it may enable the network to operate in the way of establishing CS in UMTS and PS in LTE in parallel. Thus it leads to different user plan complexity that need to be considered. 

Observation 3: Selection of anchored RAT is closely dependent on the architectural assumption.
2.4.3 Which layer for data splitting?

As mentioned above, data splitting could be in RLC layer or PDCP layer, this is user plane oriented issue, and the main target here should aim at minimizing the standard impacts. Hence, the main point deciding the selection of layer for data splitting should be to what extent of the standard is impacted. Another consideration is security architecture. For example, If UMTS anchored solution is considered, RLC split would be more proper since ciphering is down in RLC layer for UMTS, so the packets would be better to have uniformed ciphering operation in RLC layer. Besides, the selection of anchored RAT and network architecture of co-location or not should also impact the selection of data splitting as well.
2.5 Impact Analysis of HSPA and LTE Joint Operation

Based on the above analysis of possible directions of study on HSPA and LTE joint operation. The possible impacts to current standard are foreseen as follows [1].
· Signalling update to support joint operation and user plan data frame, based on current Iub/Iur/X2 interface.

· User plane handling needs to be defined as data splitting in transmitter and re-ordering in receiver.

· RRC signalling configuration and updating mechanisms to support joint operation (parallel data transmission) on two RATs.
3 Conclusions
This contribution presents some initial considerations on possible areas for the new study of the HSPA and LTE joint operation, including use cases, the level to decide joint operation, the RAT to be anchored and the layer for data splitting, and potential spec impacts, etc. It is suggested to start the standardization work of HSPA and LTE joint operation in Rel-13.
Observation 1: Differentiating the architectures between intra-site and inter-site is the first point to be studied in the study item. The intra-site scenario is shown to be a more practical scenario with less spec impacts.

Observation 2: It is suggested to focus on RAN level joint operation in the study item. Further discuss on the granularity for joint operation, either per RAB/RB case or per packet case, is suggested to concern on UE impacts.
Observation 3: Selection of anchored RAT is closely dependent on the architectural assumption.

Proposal: It is advised that RAN3 leads the discussion on use cases and possible architectures first when the new SI starts, and then other group to discuss the possible data splitting solutions.
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