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Discussion and Decision

1 Introduction

In RAN #75, a new work item on enhancements to LTE operation in unlicensed spectrum was approved with following objectives [1]:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]
· (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 [RAN1, RAN2, RAN4]
· The work item should also specify base station and UE core requirements to support the above features [RAN4]

In RAN1#88bis, the following agreements were made for DL in LAA corresponding to the Work Item [2]:

· No additional DL ending positions are introduced in this WI

This contribution discusses the following topics related to multiple starting positions for DL in LAA:
1. Motivation for increased number of starting positions for DL
2. Empirical analysis of the benefits of different number of starting positions for DL

3. Counterarguments provided till now against increased number of starting positions for DL
4. Relevance of sTTI solution
2 Discussion

2.1 Motivation for increased number of starting positions for DL
Following are the reasons in favour of increased number of starting positions for DL:
· Minimization of transmission of reservation signals
· Minimization of the minimum duration required to transmit any traffic and hence, ensuring the correspondence of the priority of the data transmitted with that of the priority used for gaining access to the channels 
· Fairness to other nodes accessing the same unlicensed channel

· Efficiency of channel usage
· Abidance to possible/future regulatory norms that require a device not to transmit with the purpose of blocking the channel
Such reasons have also been provided in the following listed references:
· IEEE LSs [3] and [4]
· Huawei contribution in RAN1#88bis [5]:“The duration from the time the eNB successfully accesses the unlicensed channel to the slot boundary the eNB starts control/data transmission should be reserved with useless signals, e.g., padding, by eNB implementation. Such an operation obviously leads to the inefficient utilization of the unlicensed spectrum. To increase spectrum utilization efficiency in unlicensed carrier, allowing multiple starting positions in a FS3 subframe is wealthy studying.” 

· Nokia contribution in RAN1#88bis [6]:   “One of the key design targets for LTE operation on unlicensed spectrum is fair co-existence with other radio nodes and technologies, including in particular WiFi. For this reason, the channel access procedure (i.e. listen-before-talk) applied in LTE is essentially the same as in WiFi. This allows for fair co-existence with WiFI, at least when relatively large amount of data is transmitted. However, in the case of small data packets, the minimum transmission duration of (close to) 1 ms means that a UE may from time to time occupy the operating channel longer than a WiFi node transmitting a similar amount of data. Additional starting and ending positions for UL on LAA can help in further optimizing the occupancy of unlicensed spectrum, such that unnecessary transmissions are minimized and on the other hand, LAA can optimally utilize the Maximum Channel Occupancy time given by the regulations.”
· Though the reason have been cited for UL, it is clear that the same are applicable for DL channel access

· Samsung contribution in RAN1#88bis [7]: “According to downlink channel access procedure, LAA SCell may access the channel at any time in a subframe, which may lead to transmission of unnecessary signal (e.g. reservation signal) to hold the channel until the starting position (e.g. next subframe boundary) where the control and/or data can be transmitted.”
2.2 Empirical analysis of the benefits of different number of starting positions for DL

Below is an empirical calculation for how the overhead varies as a function of the number of starting positions for DL and the MCOT length given the start of channel access randomly situated between any 2 subframe boundaries. This overhead calculation uses the maximum COT length as the total transmission duration on the Downlink. There may be many cases when the total transmission duration is lesser. This will result in the overhead relative to the total useful transmission to be even larger.
Table 1: Overhead assuming MCOT duration of transmission for different number of DL starting positions
	Number of DL starting positions
	MCOT length (ms)
	Mean overhead as a percentage of total useful transmission by the node (%)
	Maximum overhead as a percentage of total useful transmission by the node (%)

	2


	2
	14.29
	33.33

	
	3
	9.09
	20.00

	
	8
	3.23
	6.67

	4 (4/3 symbols apart)


	2
	6.67
	14.29

	
	3
	4.35
	9.09

	
	8
	1.58
	3.23

	6 (2/2/3 symbols apart)


	2
	4.35
	9.09

	
	3
	2.85
	5.88

	
	8
	1.05
	2.12

	111 (Wi-Fi slots)
	2
	0
	0

	
	3
	0
	0

	
	8
	0
	0


Table 1 shows that even under the assumption that every transmission occupies the MCOT length, the overhead due to limited DL starting positions can be substantial. It is only with 6 DL starting positions that the mean overhead reduces to less than 5 % for all MCOT lengths. If transmissions do not always occupy the entire MCOT, say if there is not enough VO data to occupy the entire 2ms MCOT for every VO transmission, the overhead will be higher. . On the other hand, for Wi-Fi transmissions, with the 9 us granularity of channel access, no reservation signals are transmitted.
2.3 Counterarguments provided till now against increased number of starting positions for DL
Following reasons have been cited for NOT increasing the number of DL starting positions:

· eNB complexity:  Multiple DL starting positions require adaptation of the transmission to a new starting position if the LBT on the previous starting position failed. Following are the options:
· Rate matching the older TB to the new starting position. This will at least serve the purpose of transmitting some data instead of sending useless signals even if the resultant code rate is increased. It will serve the purpose of combining this data with the next transmission. It is possible that there are future transmissions with higher code rates which when HARQ combined with this transmission will result in a reasonable probability of success rate. This strategy would be much better than wasting the resources altogether.
· There can also be options to keep prepared alternate transmissions with code rates that are varied in a predefined manner as the starting position changes depending upon the outcome of LBT. The MAC-PHY delay is not of a concern here as these alternate transmission can be provided to the PHY in advance whereas all PHY needs to do is transmit from a different buffer. Very importantly, please note that such schemes are already employed in Wi-Fi to respond to channel errors with transmission of a different MCS as fast as within 16 us.

· UE complexity: It was argued by some companies that increase in number of DL starting positions increases the UE complexity in order to detect the multiple probable DL starts. 

· However, such complexity is already designed for in Rel 15 LTE systems where because of sTTI, there are more DL starting positions in 1 ms than in legacy LTE.

2.4 Relevance of sTTI solution
In view of the complexities that have been cited in implementing multiple DL starting positions, the sTTI solution to effect multiple starting positions within 1 ms in the DL would have been the most optimal for the following reasons:

· A suitable number of DL starting and ending positions can be enabled which will serve to minimize the overhead on the unlicensed spectrum

· The work done in case of FS1 and FS2 can be borrowed and without having to rework on additional challenges

· The challenges of preparing multiple alternate transmissions or rate matching previously prepared transmissions are omitted.

Since the end goal of this work item is to optimize the channel utilization in the unlicensed spectrum, we do not think it is any valid reason to rule out sTTI for FS3 from the scope of the discussion. If the end goal is satisfied in a better way through the sTTI solution, this Work Item should proceed in the direction of sTTI rather than defining a minimal of new starting or ending positions which do not serve to enhance the channel utilization performance to any suitable degree.

3 Observations and Conclusions
Observation 1: The benefits of increasing the number of starting positions for DL include:
· Minimization of transmission of reservation signals

· Minimization of the minimum duration required to transmit any traffic and hence, ensuring the correspondence of the priority of the data transmitted with that of the priority used for gaining access to the channels 

· Fairness to other nodes accessing the same unlicensed channel

· Efficiency of channel usage

· Abidance to possible and future regulatory norms that require a device not to transmit with the purpose of blocking the channel

Observation 2: There is reasonable consensus on the benefits of increased number of starting positions for DL
Observation 3: The overhead for even 6 DL starting positions and even assuming maximum duration of transmission, is much larger than that in Wi-Fi and it is only with 6 DL starting positions that less than 5% overhead is achieved for all MCOT lengths. The overhead is larger if transmissions do not always occupy the entire MCOT duration.
Observation 5: The eNB complexities for implementing maximum number of DL starting positions are surmountable. In fact, mechanisms like preparing multiple alternate transmission units and transmitting one of them at short notice are already employed by Wi-Fi systems.
Observation 4: The UE complexities for implementing maximum number of DL starting positions are surmountable as such challenges are already encountered in the sTTI scenario for other frame structures

Observation 6: The sTTI solution addresses many of the challenges cited for implementing multiple DL starting positions in a technically sound manner without involving any rework. It will not be an optimal usage of RAN1 resources, if a separate and independent effort is put to define a small number of DL starting positions.
Proposal 1: At least 6 DL starting positions in a 1ms subframe should be considered within the scope of this Work Item

Proposal 2: In case the complexities involved in achieving such maximal number of DL starting positions are considered too huge, the sTTI solution for FS3 should be considered and adopted to achieve the same end goal as that of this work item which is to optimize and enhance the unlicensed channel access.
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