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1 Introduction

Study on Licensed-Assisted Access to unlicensed spectrum (FS_LAA_LTE) is approved with objectives described in RP-141664 [1] (and revised to RP-141817 [2] in RAN#66), as a complementary tool to augment the service offering in unlicensed spectrum, including following possible scenarios:


In order to support UL and DL transmission in unlicensed spectrum, meeting the regulatory requirements, we will discuss on the possible LAA operation focusing on the HARQ operation, where unlicensed carrier is operated as an SCell with UL and DL.  
2 Terminology for this paper

· LCC (Licensed CC): component carrier operated in licensed spectrum; if LAA is considered, LCC is integrated into LTE as a Primary or Secondary Component Carrier.

· UCC (Unlicensed CC): component carrier operated in unlicensed spectrum; if LAA is considered, UCC is integrated into LTE as a Secondary Component Carrier, corresponding to SCell.

· P-LCC (Primary Licensed CC): Primary Component Carrier operated in licensed spectrum, corresponding to PCell

· S-LCC (Secondary LCC): Secondary Component Carrier operated in licensed spectrum, corresponding to SCell

3 Discussion on the UL HARQ operation for LAA
3.1 Overview of UL transmission and retransmission related to LAA
As discussed on [4], regulatory requirements may impact on the DL HARQ operation. In addition, UL transmission including retransmission also be carefully studied how to operate with meeting the regulatory requirements, which include:

· CCA shall be performed to transmit data on the unlicensed band, including initial data transmission as well as HARQ retransmission. 

· Channel occupancy time (COT) is limited (e.g., maximum COT is 4ms for Japan, 10ms for FBE and 13ms for LBE for Europe)

Observation1: DL and UL transmission (possibly including UL HARQ retransmission as well as DL HARQ retransmission) in unlicensed bands shall be performed under the CCA and maximum COT regulatory requirements.
Figure 1 shows examples of the UL HARQ retransmission in LAA with potential problem, where COT is assumed to be 10ms in UL cross-carrier scheduling (a) and 4ms in UL self-carrier scheduling (b) and kPHICH is assumed to be 4 . In the examples, after receiving the PHICH (with NACK), additional CCA may be necessary to occupy the channel for the HARQ retransmission. In the case of self-scheduling, eNB also needs to perform CCA after receiving the UL transmission from a UE to transmit ACK/NACK via PHICH. CCA results in the uncertainty of the channel access in the time of transmission of PHICH as well as HARQ retransmission. Thus, the synchronous UL HARQ is not guaranteed. 
Observation2: If considered UL self-scheduling, eNB shall perform CCA for the transmission of PDCCH, PDSCH, and PHICH in unlicensed spectrum.
Observation3: Synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA
Porposal1: RAN1 shall study whether synchronous UL HARQ is supported in LAA 
Thus, we introduce the possible alternatives for the UL HARQ retransmission in LAA operation:

· Alt1: retransmission is performed via UCC

· Alt2: retransmission is performed via LCC

· Alt3: retransmission is performed via one of any available CC (including LCC, same UCC, and other UCC)
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Figure 1 – Example and problem of UL HARQ retransmission in LAA
3.2 Alt1: HARQ retransmission via UCC

Figure 2 shows examples of UL HARQ retransmission via UCC in LAA, where the UCC is the same as the CC of initial transmission, and (a) shows the UL cross-carrier scheduling and (b) and (c) show the UL self-scheduling examples. In the case of UL self-scheduling, UE performs CCA before UL transmission in (b) and eNB performs CCA before UL transmission for the UE receiving UL grant intending to transmit UL data in (c). As shown the example, for the HARQ process ID #2 in terms of retransmission as well as HARQ ACK/NACK via PHICH in (b) and (c), additional CCA is necessary due to limited COT. This may result no transmission of PHICH as well as HARQ retransmission. Thus, the synchronous UL HARQ is not guaranteed. 

Observation4: In the case of HARQ retransmission via UCC (same UCC as the CC of initial transmission) synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA
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Figure 2 - Example of UL HARQ retransmission via UCC in LAA
3.3 Alt2: HARQ retransmission via LCC

Figure 3 shows examples of UL HARQ retransmission via LCC in LAA, where (a) shows the UL cross-carrier scheduling and (b) and (c) show the UL self-scheduling examples. As shown the example in (b) and (c), eNB performs CCA before UL grant for the initial transmission and retransmission. In addition, UE performs CCA before UL transmission in (b) and eNB performs CCA before UL transmission for the UE receiving UL grant intending to transmit UL data in (c). 
In the case of UL cross-carrier scheduling, PHICH transmission and HARQ retransmission are performed via LCC. Thus, UL synchronous HARQ transmission can be guaranteed after receiving initial UL transmission. However, after receiving UL grant, CCA is necessary and it does not guarantee the timing of initial UL transmission. 
In the case of self-scheduling, synchronous HARQ retransmission after receiving HARQ NACK via PHICH is guaranteed. However, synchronous HARQ ACK/NACK is not guaranteed due to additional CCA. 
We can also consider the PHICH transmission via the LCC. If the PHICH is transmitted via LCC, synchronous timing of PHICH transmission can be achieved.
This alternative is more applicable to the synchronous HARQ compared the alternative 1 (HARQ retransmission via the UCC), but standard impact may not be avoidable. 

Observation5: In the case of HARQ retransmission via LCC, synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA.
Observation6: In the case of HARQ retransmission via LCC, synchronous UL HARQ can be guaranteed if HARQ ACK/NACK and/or UL Grant for retransmission are guaranteed.
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Figure 3 - Example of UL HARQ retransmission via LCC in LAA
3.4 Alt3: HARQ retransmission via any available CC

Figure 4 shows examples of UL HARQ retransmission via any available CC in LAA, where (a) shows the UL cross-carrier scheduling and (b) and (c) show the UL self-scheduling examples. As shown the example in (b) and (c), eNB performs CCA before UL grant for the initial transmission and retransmission. As shown (a), HARQ retransmission of the HARQ Process ID #3 is done via LCC but that of HARQ Process ID #0, #2 are done in UCC. In the case of self-scheduling as shown (b), (c), synchronous HARQ ACK/NACK is not guaranteed due to additional CCA, which is similar to alternative 2 (HARQ retransmission via the LCC). Thus, this alternative is expecting the same (or the similar) standard impact as that of alternative 2.
Observation7: In the case of HARQ retransmission via any available CC, synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA.
Observation8: In the case of HARQ retransmission via any available CC, synchronous UL HARQ can be guaranteed if HARQ ACK/NACK and/or UL Grant for retransmission are guaranteed.
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Figure 4 - Example of UL HARQ retransmission via any available CC in LAA
3.5 Comparison of alternatives of UL HARQ retransmission LAA

Table 1 summarises the comparison of alternatives of introduced UL HARQ retransmission of LAA above, focusing on the impact on the RAN1 operation, including PHY control, HARQ process, LBT (CCA). 

Table 1 – Comparison of alternatives of UL HARQ retransmission for LAA
	　
	Alt1
	Alt2
	Alt3

	What/How
	same carrier (UCC) as initial transmission
	always performed via LCC
	up to scheduling

	Pros
	- Same(or similar) legacy approach
- Applicable any scheduling (cross carrier and self-carrier) 
	- no additional CCA
- same(or similar) HARQ performance (RTT timer, latency of retransmission)
	- may not need additional CCA but channel shall be reserved for transmission via UCC
- same(or similar) HARQ performance (RTT timer, latency of retransmission)

	Cons
	- Additional CCA is necessary (due to regulatory req.)
- Relatively long latency
- Not applicable to the synchronous HARQ
	- overhead in LCC due to retransmission
- HARQ channel ID mapping and relevant operation is necessary
	- may be overhead in LCC due to retransmission
- HARQ channel ID mapping and relevant operation is necessary for the retransmission via LCC

	UL CCA (channel reservation)
	eNB
	- if additional CCA for retransmission is performed by eNB, UL timing may be guaranteed but not always (due to limited max COT)
	- CCA is only for the initial transmission  (UL grant may not be guaranteed due to limited max COT)
	- CCA is only for the initial transmission  (UL grant may not be guaranteed due to limited max COT)

	
	UE itself
	- UL grant may not be guaranteed due to uncertainty accessing the channel (delay may happen)
	- CCA is only for the initial transmission (UL grant may not be guaranteed)
	- CCA is only for the initial transmission (UL grant may not be guaranteed)

	PHY control impact
	Self-scheduling
	- No impact but additional CCA in eNB (for ACK/NACK) as well as UE (for retransmission) 
	- initial transmission ( UE monitors UCC (No impact on initial transmission)
- retransmission (UE monitors LCC
	- initial transmission ( UE monitors UCC (No impact on initial transmission)
- retransmission -(UE monitors LCC and UCC

	
	Cross-carrier scheduling
	- No impact but synchronous HARQ may not be guaranteed
- eNB shall know the channel is available in the time of UL retransmission (if UE performs CCA)
	- No impact on PDCCH-related operation but needs DCI modification (HARQ process, cell indication)
- impact on the PHICH-related operation
	- No impact on PDCCH-related operation but needs DCI modification (HARQ process, cell indication)
- impact on the PHICH-related operation

	HARQ impact
	HARQ timing/

Synchronous HARQ
	- Timing for retransmission may be longer due to CCA and limited channel occupancy time
( No support or needs to check to support
	- May support if guaranteed the HARQ ACK/NACK transmission in UL self-scheduling

- Support in UL cross-carrier scheduling
	- May support if guaranteed the HARQ ACK/NACK transmission in UL self-scheduling

- Support in UL cross-carrier scheduling

	
	HARQ process impact
	- No impact on HARQ process ID 
	- Duplicated HARQ(distinguish method between LCC and UCC
	- Duplicated HARQ(distinguish method between LCC and UCC

	LBT impact
	FBE impact
	- shall be reserved the medium to re-transmit. Otherwise, latency shall increase (Fixed Frame Period) ( no reliable
( channel reservation may be guaranteed  (before the time out of retransmission)
	- No impact
- CCA is only for the initial transmission
	- No impact but if CCA is performed and the channel is reserved, retransmission can be performed in UCC (CCA is necessary or as a part of other initial transmission)

	
	LBE impact
	- shall be reserved the medium to re-transmit.                                                                                                                                                                                                                                                                Otherwise, latency shall increase, but relatively shorter than that of FBE
( channel reservation may be guaranteed (before the time out of retransmission)
	- No impact
- CCA is only for the initial transmission
	- No impact but if CCA is performed and the channel is reserved, retransmission can be performed in UCC
(as a part of other initial transmission but rarely)

	Standard impact
	- No support synchronous HARQ
	- HARQ processing modification & DCI in PDCCH
- HARQ Process (Process ID + Cell indication)
- UE shall monitors UCC for initial transmission and monitors LCC for retransmission (impact on self-carrier scheduling)
	- HARQ processing modification & DCI in PDCCH
- HARQ Process (Process ID + Cell indication)
- UE shall monitors UCC for initial transmission and monitors UCC and LCC for retransmission (impact on self-carrier scheduling)
- for cross carrier scheduling, no impact


Observation9: UL HARQ retransmission of the initial data transmission of unlicensed bands needs to study in terms of RAN1 operation, including PHY control, HARQ process, Listen-before-talk (Clear channel assessment). 

Proposal2: UL HARQ operation for LAA shall be considered as an operation affecting RAN1 in LAA to unlicensed spectrum, with following alternatives:

· Alt 1: retransmission is performed via UCC

· Alt2: retransmission is performed via LCC

· Alt3: retransmission is performed via one of any available CC (including LCC, UCC)
4 Conclusion
In this contribution, we discussed about required functionalities and possible alternatives of LAA operation offering the HARQ retransmission service in unlicensed spectrum. As a general design principal, we propose:
Observation1: DL and UL transmission (possibly including UL HARQ retransmission as well as DL HARQ retransmission) in unlicensed bands shall be performed under the CCA and maximum COT regulatory requirements.
Observation2: If considered UL self-scheduling, eNB shall perform CCA for the transmission of PDCCH, PDSCH, and PHICH in unlicensed spectrum.

Observation3: Synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA

Porposal1: RAN1 shall study whether synchronous UL HARQ is supported in LAA 
Observation4: In the case of HARQ retransmission via UCC (same UCC as the CC of initial transmission) synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA

Observation5: In the case of HARQ retransmission via LCC, synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA.

Observation6: In the case of HARQ retransmission via LCC, synchronous UL HARQ can be guaranteed if HARQ ACK/NACK and/or UL Grant for retransmission are guaranteed.
Observation7: In the case of HARQ retransmission via any available CC, synchronous UL HARQ may not be guaranteed due to the uncertainty of the channel access as a result of CCA.

Observation8: In the case of HARQ retransmission via any available CC, synchronous UL HARQ can be guaranteed if HARQ ACK/NACK and/or UL Grant for retransmission are guaranteed.

Observation9: UL HARQ retransmission of the initial data transmission of unlicensed bands needs to study in terms of RAN1 operation, including PHY control, HARQ process, Listen-before-talk (Clear channel assessment). 

Proposal2: UL HARQ operation for LAA shall be considered as an operation affecting RAN1 in LAA to unlicensed spectrum, with following alternatives:

· Alt 1: retransmission is performed via UCC

· Alt2: retransmission is performed via LCC

· Alt3: retransmission is performed via one of any available CC (including LCC, UCC)
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Focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]
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