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1 Introduction
The new Rel-14 WID: eLAA using LTE got approved at RAN#70 in [1]. 

The detailed objectives of the work item are to specify the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]
In this contribution, in parallel to RAN1 activities, we shall shed some initial thoughts on LAA DL+UL data transmission aspects for LAA Scells and make the proceeding proposals.
2 Discussion
For both downlink and uplink offloading purposes, LAA UL data transmission should be supported together with LAA DL data transmission

LAA UL data transmission can take place in another dedicated unlicensed carrier different from that for LAA DL data transmission, however, such “FDM alike method” may be constrained by UE RF capabilities, and it may also result in inefficient usage of unlicensed radio resources. Therefore we shall mainly focus on the “TDM alike method”, where LAA UL data transmission takes place in the same carrier as that for LAA DL data transmission.

Furthermore there are two basic options for “TDM alike method” with different level of resource segmentation as below:

Opt1: LAA DL/UL data transmission occurs in the same LAA transmission burst in Figure 1, in such case, it is usual that the LAA DL data transmission block occurs before LAA UL data transmission block. It is worth noting that for self-scheduling, such option is only valid when actual COT length is larger than 4ms. There is also no need to segment finer LAA DL/UL data transmission blocks in the same LAA transmission burst, e.g. from DL to UL to DL, or from UL to DL to UL etc.
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Figure 1: LAA DL/UL data transmission block in the same LAA transmission burst 

Opt2: LAA DL/UL data transmission occurs in different LAA transmission bursts in Figure 2, in such case, each transmission burst is dedicated fully for either LAA DL or UL data transmission alone (namely: SDL+SUL mode), and there is no timing period consumed for DL/UL switching and eNB/UE fast LBT in between. It is worth noting that such option is valid for any COT length.
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 Figure 2: LAA DL/UL data transmission block in different LAA transmission bursts
Both Opt1 and Opt2 have their own pros and cons in terms of flexibility, efficiency and applicability scope, and they are purely up to eNB scheduling; hence they should be both supported from system viewpoints.
Proposal 1: Both Opt1 and Opt2 should be supported in Rel-14 eLAA, and each LAA transmission burst resources can be used for LAA DL/UL data transmission in flexible way.
Due to LBT requirement, the (e)LAA node has to perform (e)CCA at first, in order to acquire its local unlicensed radio resources. This holds true for LAA UL data transmission, it is still under discussion whether and how UE performs (e)CCA before real UL data transmission. As the ending point for UL (e)CCA in timeline may not align with subframe boundary, hence LAA UL data transmission also faces similar partial-subframe issues as LAA DL data transmission: Whether PUSCH transmission should be subframe or TS or OFDM symbol boundary aligned? From radio resource efficiency viewpoint, partial PUSCH subframe is preferred; form complexity viewpoint, full PUSCH subframe is preferred. Per experiences from Rel-13 LAA WID, some trade-off should be made at defining partial PUSCH subframe.
 Proposal 2: Partial PUSCH subframe should also be studied and specified.
For Rel-13 LAA SDL data transmission, UE keeps monitoring DL scheduling during the whole LAA transmission burst; for Rel-14 eLAA, as stated above, the serving eNB should smartly/flexibly split/use the radio resources per LAA transmission burst for either DL or UL data transmission. E.g. when the eNB realizes that there is heavy interferences and contention around the served UEs, then all subframe resources in transmission bursts had better be used for LAA DL data transmission, otherwise the local interferences may prevent UEs from valid LAA UL data transmission, then the reserved PUSCH subframe resources are wasted. This may imply that UE should feedback serving eNB some kind of assisting info to facilitate eNB’s LAA DL/UL subframe resources splitting. If such assisting info is conveyed dynamically, RAN1 should study further; but if such assisting info is conveyed less dynamically, RAN2 may also need to study

Proposal 3: RAN2 should study the potential assisting info from UE to facilitate eNB at splitting LAA DL/UL subframe radio resources per LAA transmission burst. 
In Rel-13 LAA, the L1 “Subframe configuration for LAA” info was introduced and conveyed by “DCI 1C”, so that UE knows the exact partial PDSCH subframe configurations at the end of each LAA transmission burst; With the potential introduction of partial PUSCH subframe configurations at the end of LAA transmission burst, “Subframe configuration for LAA” info may need to be extended, so that UE can know in advance how the LAA transmission burst will be used for LAA DL/UL data transmission individually. In some cases, this info may be beneficial for UE. E.g. if UE knows in advance that there is only 3 PUSCH subframe resources left at the end of current LAA transmission burst, meanwhile UE haven't got any valid UL grant before, then UE can stop monitoring PDCCH channel immediately. E.g.  Per regulation, the length of actual LAA transmission burst should be <= Max COT, if the eNB/UE does not have sufficient data for transmission, then eNB may actually choose a shorter LAA transmission burst than Max COT. Such actual LAA transmission burst length info may also be beneficial for UE to avoid unnecessary monitoring and UL transmission. If above assisting info is conveyed dynamically, RAN1 should study further; but if such assisting info is conveyed less dynamically, RAN2 may also need to study

Proposal 4: RAN2 should study the potential assisting info from eNB to facilitate UE at power saving.
There are different kinds of UL channels, serving different purposes. Generally speaking, there can be different kind of UL LBT schemes for them. E.g. SRS can help to maintain UL timing and facilitate eNB’s DL/UL data scheduling, by taking advantages of “LAA channel reciprocity”. For that reason, SRS transmission had better be widely supported in LAA Scells. Since one SRS transmission burst occupies only 1~2 OFDM symbols (quite like SCS, which is allowed in EU), hence standalone SRS without PUSCH in LAA Scell should be allowed by UE either without UL LBT or with certain kind of “simple LBT”, as it causes very small interferences to other LAA/Wifi nodes. 

It has been discussed and agreed that UE may need to perform CFRA based on PDCCH order (DCI 1A) in case of losing UL synchronization in LAA Scell. With some configuration from prach-ConfigIndex, there can be single valid UL subframe occasion for preamble transmission per 20ms, which brings significant access latency if UL LBT must be done before preamble transmission, e.g. if UE failed UL LBT for particular valid occasion, then it has to await another 20ms for next valid occasion. Hence PRACH transmission in LAA Scell should be allowed by UE with certain kind of “simple LBT” and the associated energy detection threshold should also be relaxed value, so that the success probability of UL LBT for PRACH can be increased. Unlike normal LAA UL data transmission, PRACH transmissions from UEs are relatively rare events and of short terms, even though it is privileged at UL LBT, it does not degrade the co-existing fairness much. Besides PRACH, the LBT behaviour for PUCCH transmission especially without simultaneous PUSCH can also be privileged, in case PUCCH is supported on LAA Scells. This would facilitate serving eNB to get the UCI info in time without further delay, so that the efficiency of LAA DL/UL data transmission can be improved.

Proposal 5: The UL LBT behaviour for PRACH/ SRS without PUSCH/ standalone PUCCH transmission in LAA Scells can be privileged, so that the efficiency of LAA DL/UL data transmission can be improved.
In legacy UL CA, UL synchronous HARQ operation is performed in licensed Scells, where the UL HARQ process id is associated with SFN and subframe id implicitly. The advantages are: both eNB and UE are relieved from the complicated work of managing UL HARQ processes and signalling overhead. In LAA Scells, especially on very light-loaded unlicensed carriers, we think UL synchronous HARQ operation should be still applicable from system viewpoint, especially for non timing-critical service delivery.

Proposal 6: UL synchronous HARQ operation should be still applicable for LAA Scells in conditional cases.
In order to accommodate the requirement of UL transmission latency and maximize the HARQ soft combination gains, per outcomes from LAA SID in [2], asynchronized HARQ operation can be applied for LAA UL data transmission in generic cases, where (E)PDCCH always controls the (re)transmission of each UL HARQ process. For each UL HARQ (re)transmission, UE should always refer to its associated DCI info: UL grant received at least 4ms before, relevant HARQ process buffer status and NDI status. The advantages are: eNB can manage the UL HARQ processes accordingly the UL radio resources in more flexible way. The UE UL asynchronous HARQ behaviours under different conditions can be summarized in table 1 below: 

	Does (E)PDCCH contain

HARQ Process id and RV?
	Does (E)PDCCH contain

fresh UL grant?
	Is UL HARQ process buffer empty?
	Is NDI toggled?
	UE behaviours

	Yes
	Yes
	Yes
	Yes
	New HARQ transmission

	Yes
	Yes
	Yes
	No
	New HARQ transmission

	Yes
	Yes
	No
	Yes
	New HARQ transmission

	Yes
	Yes
	No
	No
	Adaptive HARQ retransmission

	Yes
	No
	Yes
	Yes
	No Action

	Yes
	No
	Yes
	No
	No Action

	Yes
	No
	No
	Yes
	Non-adaptive New HARQ transmission ?

	Yes
	No
	No
	No
	Non-adaptive HARQ retransmission


Table 1

Proposal 7: To discuss and confirm UE correct behaviours as summarized in table 1, when performing asynchronized UL HARQ operation.
For Rel-13 LAA, the DL HARQ cross-carrier retransmission is not supported due to uncertain trade-off between pains and gains. Generally, some spec impacts as well implementation complexity are anticipated to realize either DL or UL HARQ cross-carrier retransmission, but such feature does help to maintain the HARQ soft combination gain, and relieve eNB from restricting certain logic channels (carrying timing-critical services) onto LAA Scells, so as to maximize the usage of unlicensed radio resources. E.g. with less worry about big transmission latency, eNB can freely map the logic channels carrying timing-critical services on any LAA Scell for initial transmission trial; otherwise those logic channels had to be restricted onto licensed carriers for predictable latency budget, but meanwhile any available unlicensed resources aside gets wasted or under-utilized. For LAA UL HARQ, if HARQ cross-carrier retransmission would be supported, UL synchronous HARQ operation can be more applicable for LAA Scells even with more justification, as the latency pain can be compensated with cross-carrier diversity. Therefore we encourage to re-open the discussion of HARQ DL/UL cross-carrier retransmission, and more detailed analysis can be referred to RAN1 associated contributions.

Proposal 8: To re-discuss HARQ DL/UL cross-carrier retransmission.
3 Conclusion

In this contribution, we discussed some important aspects for LAA DL+UL data transmission, and RAN2 is kindly asked to consider following proposals:
Proposal 1: Both Opt1 and Opt2 should be supported in Rel-14 eLAA, and each LAA transmission burst resources can be used for LAA DL/UL data transmission in flexible way.
Proposal 2: Partial PUSCH subframe should also be studied and specified.
Proposal 3: RAN2 should study the potential assisting info from UE to facilitate eNB at splitting LAA DL/UL subframe radio resources per LAA transmission burst. 

Proposal 4: RAN2 should study the potential assisting info from eNB to facilitate UE at power saving.

Proposal 5: The UL LBT behaviour for PRACH/ SRS without PUSCH/ standalone PUCCH transmission in LAA Scells can be privileged, so that the efficiency of LAA DL/UL data transmission can be improved.
Proposal 6: UL synchronous HARQ operation should be still applicable for LAA Scells in conditional cases.
Proposal 7: To discuss and confirm UE correct behaviours as summarized in table 1, when performing asynchronized UL HARQ operation.
Proposal 8: To re-discuss HARQ DL/UL cross-carrier retransmission.
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