[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90-bis	R1-1717119
Prague, Czech Republic, 9th – 13th October 2017

Source: 	Ericsson
[bookmark: Title]Title:	Multiple starting and ending positions for LAA DL  
Agenda Item:	6.2.2.1
Document for:	Discussion and Decision
1. [bookmark: _Toc458153810][bookmark: _Ref298777854]Introduction
A work item on enhancements to LTE operation in unlicensed spectrum was agreed in RAN #75 meeting to further enhance the LAA performance in Rel-15. One objective of the work item is to specify the support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. It was agreed in RAN1 #88bis [6] that:
Agreement:
No additional DL ending positions are introduced in this WI
In this contribution, we provide our views on multiple starting positions for LAA DL.
This contribution is a revised resubmission of R1-1713308.
1. [bookmark: _Toc458153811]Discussion
First or all, it was discussed extensively and agreed in RAN1 #83 that [1]
Conclusion:
UE determines the TBS size for starting partial subframe in the same way as in full subframe
This conclusion was reached noting that the transport block sizes (TBS) are determined by the scheduling step, which happens earlier than any listen-before-talk decisions. This conclusion is also the guiding principle in the design of MCS table enhancement [2][3][4]in adopted in RAN1 #84bis [5]. This principle should still be followed in this WI since it is a significant increase in complexity to change the TBS based on the LBT outcome. 
Observation 1: It is not practical to adapt the transport block sizes based on the LBT outcome.
1. Rate matching the TBS based on LBT outcome
In Rel-13, a UE can be configured with two possible starting points {0,7} OFDM Symbol. Using the same approach, more starting points can be added. L1 processing can adapt the same TBS into different amount of radio resources to accommodate multiple data transmission starting points based on the LBT outcome. Depending on the used starting point, the number of available resources is different and hence different coding rate is resulted to fit the same scheduled TBS.
Proposal 1:
· If additional DL starting points are considered, the TBS is determined as for the full subframe regardless of the starting point and rate matching is used to fit the TBS into the available radio resources.
It should also be pointed out that the design of multiple starting points should also take L1 processing and RRH distribution delays into consideration. It shall at least accommodate (1) the delay from RRH LBT circuit to the eNB, (2) the delay to abort ongoing L1 processing, (3) the delay to start a new L1 processing to generate at least one OS, and (4) the delay to distribute the digital samples back to the RRH. Note that the distribution delay is determined by the coverage area of the licensed band PCell. For instance, even if the eNB is configured with starting position 1 on top of existing symbol 0, it is not realistically possible to execute steps 1 to 4 within less than 1 OFDM symbols. 
Given that, symbol #4 is the most reasonable starting point between symbol #0 and #7. Table 1 in the appendix calculates the code rates for starting point at symbol #4 based on the modulation levels for full subframe and partial subframe, respectively. If symbol # 4 is considered as DL transmission starting point, the MCS column defined for partial subframe in release 13 can be reused to maintain reasonable code rate.   
Proposal 2:
· Considering implementation and distribution latency requirements, support of at most one additional starting point in the first slot of the subframe, e.g. symbol # 4, can be further investigated.
· If starting point at symbol #4 is added, the MCS column defined for partial subframe in release 13 can be reused to maintain reasonable code rate.
Additional starting points in the second slot of a subframe do not appear beneficial in terms of throughput gains. Starting points later than the start of the second slot will carry much fewer radio resources. The effective code rates may turn out to be higher than what the channel conditions can support. In many cases, not even the systematic bits can all be transmitted. For these LBT outcomes, decoding at the receiver will fail and the data needs to be retransmitted in the next subframe. That is, the transmission in this subframe does not contribute to the net increase in data throughput. 
Table 2 in the appendix is calculated based on the modulation levels for partial subframe that was specified during Release 13. According to Table 2, if starting position at symbol 8 is allowed, only 8 MCS indices provide coding rate below 0.931 when using 3OS for control. As another example, if starting position at symbol 9 is allowed, only 3 MCS indices provide coding rate below 0.931. Since most of the MCS indices already use highest modulation level, there is very small margin for improvement if the modulation level for the lower MCS indices is increased further.
In RAN1#90, some companies proposed additional starting point at symbol #11. If the eNB starts transmission at symbol #11, depending on the PDCCH region, there is 0/1/2 data symbols PDSCH transmissions. Either cases, the data is most certainly not decodable. Table 2 shows that even if only 256 QAM is always used, 22 MCS indices are still not decodable for the 2 OS PDCCH case.  
Proposal 3: 
· Given the data throughput benefits, no additional starting positions in the second slot of the subframe are considered. 
1. [bookmark: _Toc458153812]Conclusion
In this paper, we discuss the DL transmission. 
Observation 1: It is not practical to adapt the transport block sizes based on the LBT outcome.

Proposal 1: If additional DL starting points are considered, the TBS is determined as for the full subframe regardless of the starting point and rate matching is used to fit the TBS into the available radio resources.

Proposal 2: Considering implementation and distribution latency requirements, support of at most one additional starting point in the first slot of the subframe, e.g. symbol # 4, can be further investigated.
· If starting point at symbol #4 is added, the MCS column defined for partial subframe in release 13 can be reused to maintain reasonable code rate.
Proposal 3: Given the data throughput benefits, no additional starting positions in the second slot of the subframe are considered. 
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1. Appendix

Table 1: Resulting code rate for starting point at symbol 4 using MCS selection based on full or partial subframe
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Table 2: Resulting code rate for starting point at symbol 8 and 9 using MCS selection based on partial subframe
	Q
	TBS (100 RB)
	1OS PDSCH 
	2OS PDSCH 
	Q'
	1OS PDSCH 
	2OS PDSCH 

	2
	2792
	1.16
	0.58
	8
	0.29
	0.15

	2
	3624
	1.51
	0.76
	8
	0.38
	0.19

	2
	4584
	1.91
	0.96
	8
	0.48
	0.24

	2
	5736
	2.39
	1.20
	8
	0.60
	0.30

	2
	7224
	3.01
	1.51
	8
	0.75
	0.38

	4
	8760
	1.83
	0.91
	8
	0.91
	0.46

	4
	10296
	2.15
	1.07
	8
	1.07
	0.54

	4
	12216
	2.55
	1.27
	8
	1.27
	0.64

	4
	14112
	2.94
	1.47
	8
	1.47
	0.74

	4
	15840
	3.30
	1.65
	8
	1.65
	0.83

	4
	17568
	3.66
	1.83
	8
	1.83
	0.92

	6
	19848
	2.76
	1.38
	8
	2.07
	1.03

	6
	22920
	3.18
	1.59
	8
	2.39
	1.19

	6
	25456
	3.54
	1.77
	8
	2.65
	1.33

	6
	28336
	3.94
	1.97
	8
	2.95
	1.48

	6
	30576
	4.25
	2.12
	8
	3.19
	1.59

	6
	32856
	4.56
	2.28
	8
	3.42
	1.71

	6
	36696
	5.10
	2.55
	8
	3.82
	1.91

	6
	66592
	9.25
	4.62
	8
	6.94
	3.47

	6
	71112
	9.88
	4.94
	8
	7.41
	3.70

	8
	73712
	7.68
	3.84
	8
	7.68
	3.84

	8
	78704
	8.20
	4.10
	8
	8.20
	4.10

	8
	81176
	8.46
	4.23
	8
	8.46
	4.23

	8
	84760
	8.83
	4.41
	8
	8.83
	4.41

	8
	93800
	9.77
	4.89
	8
	9.77
	4.89

	8
	97896
	10.20
	5.10
	8
	10.20
	5.10

	8
	87936
	9.16
	4.58
	8
	9.16
	4.58

	8
	105528
	10.99
	5.50
	8
	10.99
	5.50
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