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1 Introduction
With continuous RAN1 technical finding as summarized in [1], RAN2 is supposed to continue its LAA relevant discussion within its scope. In this contribution, we shall shed further thoughts on various aspects for exploiting LAA Scells more efficiently. 

(Note: this Tdoc is mostly re-submission of R2-151217, except one new proposal 5.)
2 Discussion
In the much broader unlicensed spectrum, there are many potential unlicensed resources for operators’ use by means of LAA Scell (denoted as U-Scell hereafter for brevity). For particular LAA configuration snapshot, U-Scell is always accompanied with Pcell (and optional Scells) on licensed carriers. Per current RAN1 study and simulation on various LAA co-existing issues, U-Scell is supposed to have fixed carrier frequency and bandwidth in certain unlicensed band, which is much alike the way that operator does with licensed spectrum planning and farming. For that reason, the legacy licensed CA framework, e.g. configuration & mobility via L3 signalling can be reused as much as possible.
However, due to uncertain resource availability and complex radio environment in unlicensed bands, operators may wish to have more flexible, dynamic, efficient usage of unlicensed resources, e.g. to increase the (e)CCA/CS success rate, to exploit unoccupied unlicensed resources at any time w.o. reconfiguring U-Scell via L3 signalling. With current licensed CA restrictions, operator can configure maximum 4 U-Scells and overall 80M bandwidth statically, but there is no guarantee whether any of those configured U-Scells can be exploited at any time due to LBT restriction. In particular geographical area and for particular UE, where multiple operators happen to choose and configure individual U-Scell(s) and WIFI APs in the same unlicensed bands, there will be big failure risk for unlicensed resource contention, which would either reduce the unlicensed resource efficiency & QOE, or enforce operators to reconfigure their U-Scell(s) from time to time.
Proposal 1: From unlicensed resource usage efficiency viewpoint, the legacy licensed CA configuration modelling is simple but not optimal, as it cannot fully exploit the potential unlicensed resources in both time and frequency domain. Therefore RAN2 is encouraged to study more flexible, dynamic, efficient LAA configuration modelling.
To achieve above objectives, there might be some basic issues worth considering at first:

Issue 1: How to choose proper unlicensed carrier frequency and bandwidth for U-Scell(s) initial configuration?

On one side, the broader bandwidth .e.g. 20M or beyond may maximize the unlicensed resource usage from LAA aggregation viewpoint. However, broader bandwidth normally involves more interference/noise-energy that can result in CCA/CS failure more easily and frequently; hence broader bandwidth does not necessarily increase the U-Scell(s) usage efficiency. On the other side, the smaller bandwidth .e.g. 5M may increase the U-Scell(s) managing granularity as well as the CCA/CS success rate, but it may also bring in more control signalling overhead, typically for U-Scell(s) mobility. Therefore, we view that proper decision for U-Scell(s) carrier frequency and bandwidth is one key issue for LAA performance. If issue 1 is totally left to eNB implementation, there will be little impact on spec. However, it could be beneficial that some LAA configuration assistance info are conveyed via S1, X2 or Uu interfaces, which helps eNBs to make better decisions.
Issue 2:  Could the carrier frequency and bandwidth of U-Scell(s) be dynamically adapted & tuned without involving L3 signalling for reconfiguration?

In legacy CA context, the carrier frequency and bandwidth change for licensed Pcell or Scell must always involve CA reconfiguration with L3 signalling. In the LAA context, we are wondering whether dynamic carrier frequency and bandwidth change for U-Scell(s) may not always involve L3 signalling (reducing latency and signalling overheads) , so that the unlicensed resource subset or superset in U-Scell(s) can still be used in dynamic manner over time. The basic idea can be illustrated in Figure 1 below: during T2, subject to LBT outcomes or traffic loads, the carrier frequency and bandwidth of U-Scell can be adapted and tuned without L3 signalling, so in that sense the U-Scell can be viewed as kind of virtual cell without fixed carrier frequency and bandwidth.
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Figure 1
Proposal 2: It is worth studying issue 1 and 2 listed above, in order to exploit U-Scell(s) more efficiently.
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At RAN2#89, it has been debated online whether U-Scell can be configured in SCG of DC. Per Scenario 4 of Figure 6-1 in current TR, in case non-ideal backhaul is deployed (so only DC can be configured inbetween) between F1 layer macro cell (normally chosen as Pcell) and F2 layer small cell (normally chosen as PScell), it is clear that F3 layer U-Scell can only be aggregated in SCG instead of MCG, otherwise, F2 layer small cell has to be configured as Pcell, which looks rather odd in real deployment. Therefore from valid LAA deployment viewpoint, U-Scell in SCG is justified. In addition, from current DC mobility relevant signalling viewpoint, U-Scell in SCG can naturally be supported with minor complexity. Therefore U-Scell in SCG should be supported in Rel-13. One further question arises: could multiple U-Scells be configured in MCG and SCG at the same time? From both real deployment and complexity/capability viewpoints, we view that it is also valid and should be supported in Rel-13.
Proposal 3: U-Scell(s) in either MCG or SCG is valid LAA configuration in Rel-13. Different U-Scells in both MCG and SCG respectively are also valid LAA configuration in Rel-13.
In legacy CA context, on each licensed carrier, maximum one serving cell can be configured, and it was deemed impractical to configure multiple serving cells per carrier for more licensed resource aggregation purpose, because either Multi-point COMP feature or single-point scheduling boosting means can help UE to achieve higher throughput at cells’ border area. In LAA context, the situation may become a bit different in the sense that no COMP operation or scheduling boosting can always be applied and guaranteed due to LBT restriction of each LAA-TP.  In order to aggregate more potential unlicensed resources, we are wondering whether UE is allowed to be configured with multiple U-Scells per unlicensed carrier. The basic idea is illustrated as Figure 2 below:
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Figure 2

Under the same umbrella macro Pcell, U-Scell 1 (in red) and 2 (in green) are deployed on the same unlicensed carrier frequency with potentially same or different bandwidth, and LPN1 can “hear” or coordinate via backhaul with LPN2 most of the time, so LPN1 and LPN2 cannot exploit their local unlicensed resources for the same timing period, e.g. only single LPN can transmit data at a time. For the example of  DL data transmission, if eNB configures UE with LAA: Pcell + U-Scell 1 or Pcell + U-Scell 2 alone, then the DL throughput depends much on whether LPN1 or LPN2 can win its LBT subject to their neighbouring APs’ resource contention;  in case of LBT failure, no LAA DL throughput gain can be obtained; If  eNB is allowed to configure UE with LAA: Pcell + U-Scell 1 + U-Scell 2, then even if one LPN does not win its LBT, the other LPN may still win its LBT and contribute to the DL overall throughput with diversity effect. It means that coordinated multiple U-Scell(s) on the same unlicensed carrier may co-work properly in TDM manner, to jointly boost UE overall DL throughput.
Proposal 4: It is worth studying whether UE is allowed to be configured with multiple U-Scells per unlicensed carrier frequency, in order to aggregate unlicensed resources as much as possible.
In order to maximize the usage of unlicensed carrier resources, it is targeted for bigger frequency reuse factor with LAA systems, just as licensed LTE/UMTS does. As studied in RAN1, frequency reuse may be related to CCA/ECCA thresholds adaptive setting, CCA/ECCA adaptive pattern design, dynamic transmission power control and reservation signal recognition, e.g. distinguish different PLMN etc. All of these measures can help LAA contending node to acquire unlicensed carrier resources more aggressively w.o. harming other nodes heavily. The optimization work for frequency reuse and LBT behaviours are mostly up to RAN1 currently, but RAN2 would normally get impacted later.
Proposal 5: It is worth studying how to optimize the LAA frequency reuse and LBT behaviours.
3 Conclusion
In this contribution, we have shed some further thoughts on various aspects for exploiting LAA Scells more efficiently, and RAN2 is kindly asked to discuss following proposals:

Proposal 1: From unlicensed resource usage efficiency viewpoint, the legacy licensed CA configuration modelling is simple but not optimal, as it cannot fully exploit the potential unlicensed resources in both time and frequency domain. Therefore RAN2 is encouraged to study more flexible, dynamic, efficient LAA configuration modelling.
Proposal 2: It is worth studying issue 1 and 2 listed above, in order to exploit U-Scell(s) more efficiently.

Proposal 3: U-Scell(s) in either MCG or SCG is valid LAA configuration in Rel-13. Different U-Scells in both MCG and SCG respectively are also valid LAA configuration in Rel-13.
Proposal 4: It is worth studying whether UE is allowed to be configured with multiple U-Scells per unlicensed carrier frequency, in order to aggregate unlicensed resources as much as possible. 
Proposal 5: It is worth studying how to optimize the LAA frequency reuse and LBT behaviours.
4 Reference

[1] TR 36.889 Study on Licensed-Assisted Access to Unlicensed Spectrum
[2] 36.300
_1482648254.vsd
Frequency


Pcell


U-Sccll


Pcell


Tme 


U-Sccll


U-Sccll


U-Sccll


T 1


T 2



_1483425603.vsd
�

�

LAA-
eNB�

U-Scell 2


U-Scell 1


Macro Pcell


Ideal BH


Ideal BH


  ：Co-exist AP for contention


：LPN 1 and 2 can “hear” each other most of the time


LPN 1


LPN 2


UE



