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1. Introduction 
A new work item on ‘enhancements to LTE operation in unlicensed spectrum’ was approved in TSG 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 UL aspects. A related agreement made in RAN1 Meeting #88bis is captured below [2].

	Agreement:
At least one additional UL ending point is introduced
-	The ending point is indicated with a UL grant allocating the resources for the subframe
Agreement:
At least one additional UL starting point is introduced
FFS: details, including whether the starting point is indicated with an UL grant or not



To begin the discussion on the introduction of additional UL starting and ending positions in a subframe, the Rel-14 UL capacity enhancement WI is briefly revisited [2].
The Rel-14 WI on uplink capacity enhancement for LTE enabled the PUSCH transmission in special subframe on top of the additional SRS transmission in special subframe introduced in Rel-13 to better utilize the resource. Note that until Rel-12, the UpPTS symbol duration is either 1 or 2 depending on the special subframe configuration 0 – 9. The Rel-13 FD-MIMO WI introduced a new RRC parameter to signal the number of additional UpPTS symbols of {2, 4} to the existing special subframe configuration for the purpose of SRS capacity enhancement. The Rel-14 UL capacity enhancement WI defined the special subframe configuration 10, which has 6 symbol duration DwPTS, 2 symbol duration GT, and 6 symbol duration UpPTS. For NCP, the number of data symbols for PUSCH in UpPTS can be 2, 3, 4, 5, or 6 symbols. The corresponding PRB scaling factor for TBS selection is as in the Table 1 below. 

	Available SC-FDMA data symbols in PUSCH
	1
	2
	3
	4
	5
	6

	Scaling factor
	1/8
	3/8



Table 1. The PRB scaling factor for TBS selection for PUSCH in UpPTS
The above table contains the case of one PUSCH data symbol for ECP, i.e., one symbol PUSCH case, which is not applicable for FS3, but included for the completeness.   
2. Partial subframe transmission based on UE’s autonomous adaptation
2.1. Starting partial subframe
Consider a scenario where a UE is scheduled to perform Category 4 LBT before its UL transmission. As illustrated in the figure below, the instance of LBT finish can be anytime in between the subframe boundaries due to the randomly drawn backoff counter and the unpredictable unlicensed carrier medium occupancy. Therefore, in principle, the introduction of partial UL subframes can be beneficial to both LTE and other neighbouring systems such as Wi-Fi due to the improved medium utilization efficiency and, as a result, shortened activity duration.


[image: ]
Figure 1. Illustration of UE performed Category 4 LBT

Note however that adapting the UL subframe starting position in accordance to the LBT outcome will significantly increase UE’s overhead from operational perspective. That is because the UE has to prepare multiple starting positions, i.e., prepare multiple PUSCH encoding versions, as the UE cannot precisely estimate the instance of LBT finish a priori as explained earlier. As in the figure above as an example, a UE is scheduled for multiple consecutive subframes and let’s assume that slot-level UL partial subframes are supported as in Rel-13 LAA for simplicity. If then, the UE has to prepare the PUSCH transmission for full subframe and the slot-level half subframe separately. One can consider re-encoding the PUSCH for reduced number of symbols according to the LBT outcome. Re-encoding PUSCH in such a short amount of time in reaction to the LBT outcome will be impossible in the current UE implementation. It is thus required for a UE to prepare multiple encoded version of PUSCH, which will not only require UE’s higher processing capability but also require larger on chip memory size for the transmission pipeline, which is extremely costly. On the other hand, also note that allowing multiple starting positions for the UL subframe requires eNB’s detection on the starting position as well. 
Proposal 1: No starting positions other than the subframe boundaries are allowed, if it require a UE to prepare PUSCH tailored to the reduced number of symbols in accordance to the LBT outcome. 
Note however that if the partial subframe transmission does not require a UE to tailor its PUSCH encoding, either pre-preparation or re re-encoding, a partial subframe transmission can be supported. That is, as it was RAN1 Meeting #88bis, the initial part of the already encoded PUSCH, assumed the entire subframe transmission, may be punctured according to the LBT finish instance. 
Proposal 2: Puncturing the initial part of the PUSCH transmission can be considered, if an additional starting position has to be introduced. 
2.2. Ending partial subframe
In RAN1 Meeting #88bis, it was agreed that ending partial subframes shall be based on the UL grant. We thus does not discuss the ending partial subframes in Section 2, whose scope is on the cases when UE autonomously adapts the starting position. The ending partial subframe based on UL grant will be discussed in Section 3.
2.3. Considerations on the partial subframe detection
If a UE autonomously adapts its starting point, the starting point must be detectable by the eNB. The exact method of detecting the partial UL subframe shall be up to eNB implementation. However, it can be practically assumed that the eNB’s detection will rely on the detection of the DMRS. Therefore, the granularity of the partial subframe transmission can only be slot-level such that the DMRS in each slot can be used as a distinguisher for eNB between full subframe versus one slot partial subframe transmission.
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Figure 2. DMRS transmission in partial UL subframe
Proposal 3: If an additional starting position is introduced based on the puncturing, it shall be the slot boundary. 
3. Partial subframe transmission based on UL grant
3.1. Starting partial subframe
The allowance of multiple staring positions in a subframe for UL is much less restrictive, if it does not require UE’s preparation for multiple hypothesis or eNB’s detection on the starting position. In this case, the presence of upcoming partial UL subframe and its duration should be signaled/configured to the UE beforehand. 
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Figure 2. Use case of partial UL subframe for DL to UL switching

A motivating use case is depicted in the figure above, in which the MCOT obtained by the eNB is shared with the associated UEs. With the introduction of UL partial subframes, the switching from DL to UL can be made more flexibly and in a finer granularity. If the partial UL subframe transmission is based on the UL grant and, thereby, does not require eNB’s detection, more than one additional starting positions can be considered in a subframe. For instance, partial UL subframes on an LAA SCell can be based on the existing mechanism for PUSCH transmission in UpPTS developed during Rel-14 UL capacity enhancement WI to minimize the specification effort. From Rel-14, the PUSCH in UpPTS can have a length of {2, 3, 4, 5, 6} symbol durations. Other options can be also considered.
Proposal 4: For starting partial UL subframes based on the UL grant, multiple starting positions in a subframe can be considered. 
3.2. Ending partial subframe
In RAN1 Meeting #88bis, it was agreed that at lease one additional UL ending point is introduced, which is indicated with a UL grant allocating the resources for the subframe. The following use cases of the UL ending subframes can be considered:
1. If an MCOT is obtained in the middle of a subframe, it will end in the middle of a subframe as the MCOT duration is in the unit of 1 ms. To maximally utilize the obtained MCOT, the eNB can schedule a partial UL subframe transmission. 
2. The ending partial UL subframe can be used to generate an LBT gap for following transmission as illustrated in the figure below. The following transmission can be either DL or UL. Creation of a relatively short gap via UL partial subframe can be especially useful when the higher LBT priority classes are used for transmissions, i.e., smaller CWS and short MCOT. 
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Figure 3. Use case of partial UL subframe to create gap for LBT 
As it was agreed that the UL ending point will be indicated in the UL grant, there is actually no reason to limit the possible ending points. That is because a UE can prepare the partial subframe transmission following the legacy PUSCH preparation timeline. Following the Rel-14 UL capacity enhancement WI, the ending UL partial subframe can have a length of {2, 3, 4, 5, 6} symbol durations. Additional options can be also considered. 
Proposal 5: For ending partial UL subframes based on the UL grant, multiple starting positions in a subframe can be considered.
3.3. DMRS in partial UL subframes
Consider partial UL subframe transmission based on the UL grant, either starting or ending partial subframes.
If the partial UL subframe is standalone from a UE perspective, i.e., not followed by another UL subframe scheduled for the same UE, the DMRS must be transmitted in the partial UL subframe. In the case of standalone partial UL subframe, the duration of a partial UL subframe that can be scheduled, including a possible SRS symbols, should at least 4 symbols such that at least the DMRS in the second slot can be transmitted.
Proposal 6: If a standalone partial starting/ending UL subframe is scheduled, the duration of the partial UL subframe, including potential SRS symbol(s), must be at least 4 symbols such that DMRS can be transmitted in the subframe.
If a partial UL subframe is non-standalone from a UE perspective, i.e., followed by another UL subframe scheduled for the same UE, the DMRS may not be transmitted in the partial UL subframe. In the case of non-standalone partial UL subframes, the duration of a partial UL subframe that can be scheduled, including a possible SRS symbols, can be less than 4 symbols, in which case the DMRS in the partial UL subframe is omitted.
Proposal 7: If a non-standalone partial starting/ending UL subframe is scheduled, the duration of the partial UL subframe, including potential SRS symbol(s), can be less than 4 symbol, in which case the DMRS in the partial UL subframe is omitted. 
3.4. TBS selection
The selection of an appropriate TBS is a subsequent problem following the introduction of partial UL subframes based on UL grant. As shown in Table 1, the PRB scaling factor agreed in Rel-14 UL capacity enhancement WI is 1/8 for 2 and 3 number of data symbols for PUSCH and 3/8 for 4, 5, and 6 number of data symbols for PUSCH.
Proposal 8: For partial UL subframe transmission following UL grant, the PRB scaling factor agreed in Rel-14 is applied for up to 6 symbol PUSCH transmission. Further discussion is necessary on the PRB scaling factor for PUSCH with more than 6 symbol duration. 
On the other hand, when two or more consecutive subframes are scheduled, a partial UL subframe can be followed by a regular UL subframe as illustrated in Figure 2 or vice versa as in Figure 3. In either case, the TBs for the two consecutive subframes shall be independent, i.e., no super-subframe is considered. This assumption is necessary to avoid additional specification efforts and to not to impose additional requirement on UE to process a TBS, which can be larger than the maximum TBS supported until now. 
Proposal 9: The TBs for the two consecutive scheduled subframes shall be independent, i.e., no super-subframe is considered. 
4. Conclusions
In this contribution, we discussed about the support for multiple starting and ending positions in a subframe for UL on an LAA SCell and various related issues, such as DMRS transmission and TBS selection, were discussed. 
On partial subframe transmission based on UE’s autonomous adaptation, the following proposals were made:
Proposal 1: No starting positions other than the subframe boundaries are allowed, if it require a UE to prepare PUSCH tailored to the reduced number of symbols in accordance to the LBT outcome. 
Proposal 2: Puncturing the initial part of the PUSCH transmission can be considered, if an additional starting position has to be introduced. 
Proposal 3: If an additional starting position is introduced based on the puncturing, it shall be the slot boundary. 
On partial subframe transmission based on UL grant, the following proposals were made:
Proposal 4: For starting partial UL subframes based on the UL grant, multiple starting positions in a subframe can be considered. 
Proposal 5: For ending partial UL subframes based on the UL grant, multiple starting positions in a subframe can be considered.
Proposal 6: If a standalone partial starting/ending UL subframe is scheduled, the duration of the partial UL subframe, including potential SRS symbol(s), must be at least 4 symbols such that DMRS can be transmitted in the subframe.
Proposal 7: If a non-standalone partial starting/ending UL subframe is scheduled, the duration of the partial UL subframe, including potential SRS symbol(s), can be less than 4 symbol, in which case the DMRS in the partial UL subframe is omitted. 
Proposal 8: For partial UL subframe transmission following UL grant, the PRB scaling factor agreed in Rel-14 is applied for up to 6 symbol PUSCH transmission. Further discussion is necessary on the PRB scaling factor for PUSCH with more than 6 symbol duration. 
Proposal 9: The TBs for the two consecutive scheduled subframes shall be independent, i.e., no super-subframe is considered. 
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