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1. Introduction 
A new work item on ‘enhancements to LTE operation in unlicensed spectrum’ was approved in RAN Meeting #75 [1]. The objective of the new WI from RAN1 perspective is twofold:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item
This contribution is about the first objective, especially on the DL aspects. A related agreement made in RAN1 Meeting #88bis is captured below [2].

	Agreement:
No additional DL ending positions are introduced in this WI



In the previous RAN1 Meeting #89, no further agreement was made regarding the DL starting partial subframes. In this contribution, we discuss challenges on introducing additional DL starting positions and propose a possible WF.
2. Additional DL starting positions
As discussed during RAN1 Meeting #88bis and as it is illustrated in the following figure, the candidate DL starting positions in a subframe can be symbol {0, 4, 7, 11}, where {0, 7} are already supported by Rel-13 LAA. We first discuss possible implications and challenges of introducing the additional DL starting positions, i.e., symbol {4, 11} from a UE perspective and eNB perspective, respectively.  
UE perspective:
Due to the opportunistic nature of the transmissions on an LAA SCell subject to LBT, a UE needs to perform subframe presence detection on any subframe before attempting demodulation unless the subframe falls in the indicated UL burst duration, which was introduced in Rel-14 eLAA. 
Although determining how to perform the subframe presence detection is left to UE implementation, presumably most of the implementation will be based on the CRS detection. Given the CRS pattern illustrated in Figure 1, it is clear that no further starting position options beyond symbol {0, 4, 7, 11} are doable.  
On the other hand, introducing additional starting positions does not just imply increase the number of UE’s hypothesis testing, but it will also significantly impact the UE’s detection reliability, simply because the number of CRS symbols that can be used for the subframe presence detection is further reduced. Note again that the actual detection algorithm will be implementation specific. 
Observation 1: Introducing additional starting positions will not only increase UE’s hypothesis testing on the subframe starting position, but also decrease the detection reliability. 
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Figure 1. CRS in a DL subframe assuming two antenna ports and possible starting positions 

eNB perspective:
In the case of slot-level partial DL subframes in Rel-13, the eNB has at least one slot duration to re-encode the PDSCH depending on when the eNB can decisively know that the LBT would not finish before the subframe boundary. It was pointed out by some companies that if the PDSCH re-encoding time is further reduced, it may be difficult to be handled by the eNB. As illustrated in Figure 1, the PDSCH re-encoding time can be as little as three symbol durations if we introduce additional starting positions of symbol {4, 11}. 
Observation 2: If additional starting positions are introduced, the available PDSCH re-encoding time will be further reduced, which can be challenging. 
On the other hand, it needs to be recalled that the reason why RAN1 adopted a new MCS table for slot-level partial subframe transmission rather than the TBS scaling approach [3]. The reason was mainly to avoid the further interaction between L1 and L2 once TBs are pushed down to L1. The issue of re-encoding TBs for the reduced symbol duration of a partial subframe is to do with the increased code rate. For instance, even if we neglect the PDCCH region, the code rate will be roughly doubled at a given MCS index. Due to the increased code rate, more than 50% of MCS indices were made unusable simply because the max code rate of 0.932 is exceeded and, thereby, a UE will skip decoding.    
Consider a partial DL subframe starting from symbol 11. In this case, there will be only three symbols available. Note that the PDCCH region itself can be three symbols. Even if the PDCCH region occupies one symbol, there will be only two symbols left available for PDSCH, which will make most of the MCS indices unusable except the initial few indices. Therefore, the starting position option of symbol 11 has little usefulness. In the case of a partial DL subframe staring from symbol 4, we can envision a similar approach, as in [3], is applied to adjust the modulation order to fit the code rate in a comfortable range.
Observation 3: The starting position at symbol 11 has no use in terms of transmitting PDSCH. 
Next, the introduction of additional starting positions for initial partial subframe should be well motivated by the performance merit. The following figure is captured from our previous contribution during Rel-13 [4]. From the data, it is seen that slot-level starting positions provide meaningful performance gain, in terms of an LAA and coexistence aspect, over DL transmissions limited to subframe boundaries. However, allowing additional starting positions beyond slot-level starting positions shows marginal improvement.
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Figure 2. DL UPT performance with different starting position options

Observation 4: Defining additional starting positions provides marginal performance gain in terms of LAA performance and coexistence aspects. 

Therefore, it is proposed that additional starting positions beyond what are already supported from Rel-13 LAA, i.e., slot-level starting partial subframes, requiring the eNB’s PDSCH re-encoding and the UE’s starting position detection should not be further allowed.
Proposal 1: No additional DL starting positions requiring the eNB’s PDSCH re-encoding and the UE’s hypothesis testing on the starting positions are allowed. 
On the other hand, if it does not require the eNB’s PDSCH re-encoding or the UE’s hypothesis testing, additional initial partial subframe options could be considered. One motivating scenario is depicted in the figure below.
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Figure 3. Illustration of tailgating DL partial subframe

The depicted scenario in the above figure is an UL heavy traffic case, where most of the acquired MCOT by the eNB is lent to uplink transmission, e.g., through normal grant and/or two-stage grant. The tailgating downlink partial subframe, i.e., PDCCH transmission in the example figure, can be helpful for fast PUSCH retransmission scheduling. Although it is not shown in the figure, the tailgating downlink partial subframe may also accompany PDSCH transmission as well. Such downlink partial subframes could be based on the existing DwPTS structure and TBS scaling as the DL ending partial subframe in Rel-13 LAA. In order to avoid the UE’s additional hypothesis testing, the presence of such downlink partial subframes must be signalled in advance, e.g., via common PDCCH.
Observation 5: DL partial subframe following the UL subframes can be beneficial for fast PUSCH retransmission scheduling. 
Proposal 2: If it does not require the eNB’s PDSCH re-encoding or the UE’s hypothesis testing, additional DL starting positions are supported. Exact starting position options are FFS.
3. Conclusions
In this contribution, we discussed about the introduction of additional starting positions in a subframe for DL on an LAA SCell and the following observations and proposals were derived. 
Observation 1: Introducing additional starting positions will not only increase UE’s hypothesis testing on the subframe starting position but also decrease the detection reliability. 
Observation 2: If additional starting positions are introduced, the available PDSCH re-encoding time will be further reduced, which can be challenging. 
Observation 3: The starting position at symbol 11 has no use in terms of transmitting PDSCH. 
Observation 4: Defining additional starting positions provides marginal performance gain in terms of LAA performance and coexistence aspects. 
[bookmark: _GoBack]Proposal 1: No additional DL starting positions requiring the eNB’s PDSCH re-encoding and the UE’s hypothesis testing on the starting positions are allowed. 
Observation 5: DL partial subframe following the UL subframes can be beneficial for fast PUSCH retransmission scheduling. 
Proposal 2: If it does not require eNB’s PDSCH re-encoding or UE’s hypothesis testing, additional DL starting positions are supported. Exact starting position options are FFS.

References
[1] RP-170848, New Work Item on Enhancements to LTE operation in unlicensed spectrum, Nokia, Ericsson, Intel, Qualcomm, 3GPP TSG RAN Meeting #75, March, 2017
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #88bis, April, 2017
[3] R1-163205, Modulation Order Determination for Downlink Partial Subframes, Panasonic, 3GPP TSG RAN WG1 Meeting #84bis, April, 2016
[4] R1-156515, On the starting and ending positions for DL LAA Burst, Intel Corporation, 3GPP TSG RAN WG1 Meeting #83, November, 2015



3/4
image1.emf
R

1

R

0

R

1

R

0

R

0

R

1

R

0

R

1

R

1

R

0

R

1

R

0

R

0

R

1

R

0

R

1

l = 0 l = 4 l = 7 l = 11


image2.png
70

60

[
o

N
o

3

o

2

o

1

o

Low load
W Wi-Fi (baseline)

HLAA, All

Average DL UPT, Indoor Scenario

Medium load
| Wi-Fi, All

HLAA {0,4,7,11} ELAA {0, 4,7}

W LAA, slot

High load

= Wi-Fi, {0, 4,7, 11} ® Wi-Fi, {0, 4,7}

W Wi-Fi, slot

W LAA, subframe

Full buffer

W Wi-Fi, subframe




image3.emf
     PDSCH

PDCCH

PUSCH PUSCH PUSCH PUSCH

PDCCH

PUSCH PUSCH PUSCH

MCOT, e.g., 8 ms


