3GPP TSG-RAN WG1 Meeting #90
R1-1714478
Prague, Czech Republic, 21st – 25th August 2017
Agenda item:

5.2.2.2
Source:
Broadcom,..
Title:
Discussion on additional starting and ending positions for UL in LAA 
Document for:

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#89, the following agreements were made regarding additional starting positions in a subframe for UL in LAA [2]:
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In RAN1#89, the following agreements were made regarding additional ending positions in a subframe for UL in LAA [2]:
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This contribution discusses the following open issues related to multiple starting and ending positions in a subframe for UL in LAA:
1. Multiple starting positions for UL: Channel access within shared COT for Mode 1 of UL partial subframe transmission starting at symbol #7.
2. Additional ending positions for UL: UL partial subframe ending at the end of symbol #3 and symbol #10.
2 Discussion

2.1 Multiple starting positions for UL

2.1.1 Channel access within shared COT for Mode 1 of UL partial subframe transmission starting at symbol #7

Mode 1 of UL partial subframe transmission starting at symbol #7 is exercised when the UL grant from the eNB does not mandate the UL transmission to start at symbol #7. Instead, the UL grant indicates any of the Release 14 starting positions. However, the UE may not be able to commence transmission at the Release 14 starting positions if it fails LBT at these positions; hence it may reattempt LBT to acquire the channel ahead of the start of symbol #7. If the LBT is successful, it can start transmission at symbol #7 and continue transmission for the remaining allocated subframes.

The Release 14 UL transmission procedure allows a UE to attempt LBT ahead of the start of each subframe of a set of consecutive subframes allocated to it. Once LBT is successful, the UE starts transmission and continues transmission for the remaining allocated subframes. If LBT is not successful, the UE reattempts LBT ahead of the next consecutively allocated subframe.

The following question arises with regard to the Mode 1 operation of UL partial frame transmission at symbol #7. 
Question: In which of the allocated UL subframes, is the UE allowed to reattempt LBT ahead of symbol #7? There are two possibilities:

1. The UE is allowed to reattempt LBT ahead of symbol #7 for each of the allocated UL subframes. This effectively doubles the number of LBT attempts.

2. The UE is allowed to reattempt LBT ahead of symbol #7 of only the first allocated UL subframe. This increases the number of LBT attempts by 1.

In Release 14, an LAA UE was allowed to transmit on the success of a fixed 25us LBT (Type 2 channel access) within a COT acquired by the eNB, even in case of a pause or delay between the grant and the UL transmission.  The UE was also allowed to reattempt 25us LBT at the start of each allocated UL subframe. It was determined that this was fair, even though there is no equivalent channel access procedure in Wi-Fi. This was because Release 14 LAA UL was considered to be disadvantaged due to the restriction of being able to start transmission at only subframe boundaries. This justification has also been captured in all the meeting and email discussions that led to the agreement on the 25us LBT.

In view of the doubling of the number of UL start positions due to a UL subframe at symbol #7, our proposal for UL channel access within a shared/paused COT in Mode 1 is as follows:

Proposal 1: If the UE is allowed Mode 1 UL partial subframe transmission at the beginning of symbol #7 of only the first subframe of a set of consecutively allocated subframes, this increases the additional LBT attempts by only one. Hence, the Release 14 Type 2 channel access procedure can be used unchanged.
Proposal 2: If the UE is allowed Mode 1 UL partial subframe transmission at the beginning of symbol #7 of every subframe of a set of consecutively allocated subframes, the number of possible LBT attempts by the UE within the shared COT shall be limited to the number of consecutively allocated UL subframes. This keeps the number of Type 2 LBT attempts unchanged relative to what has been agreed in Release 14. 
2.2 Multiple ending positions for UL

2.2.1 UL partial subframe ending at the end of symbol #3

During the discussions in RAN1 #89, the following argument was put forth against the inclusion of symbol #3 as a potential end position for the end partial subframe.
· LAA will mostly be used to carry Best Effort data with large packet sizes and hence 3 symbol transmissions (discounting symbol #3 that is used for DMRS) cannot be used to carry any useful data. 

1. In order to examine if this argument is valid, we first estimate the expected median number of bits that can be carried in 3 symbols in the UL. We consider the 3GPP Indoor model from the LAA TR [3] that has been used extensively for simulations in LAA and plot below the CDF of the UL SINR in a high load scenario. This is the post-processed SINR combined over the two receive antennas of the eNB.
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The above CDF shows that 70% of the users have UL SINR >= 19.51dB, 50% have UL SINR >= 25.36dB, 25% have UL SINR >= 28.92 dB and 10% have UL SINR >= 32dB. In other words, a significant proportion of users experience very good SINR. This happens due to the proximity of the UE to its serving eNB at 5 GHz and the reduction of co-channel interference due to LBT. At these high SINRs Wi-Fi can support 256 QAM and even 1024 QAM (at the higher SINR ranges). So we can assume that LAA, in its present and future versions, will have similar sensitivity.
The following is a table of the number of UL interlaces to the number of bytes that can be carried in 3 UL symbols considering both 64 QAM and 256 QAM for LAA. As can be seen from the above SINR CDF, 70% of the users in the 3GPP Indoor model can support 64 QAM and 50% of the users can support 256QAM. The transport block size in table 7.1.7.2.1-1 in [4] is scaled by a factor of 3/12 to obtain the number of bits over 3 UL symbols. 
	Number of UL Interlaces
	Number of Bytes

	
	ITBS = 26
	ITBS = 34

	1
	234
	322

	2
	459
	645

	3
	693
	991

	4
	916
	1324

	5
	1147
	1649

	6
	1370
	1993

	7
	1649
	2304

	8
	1852
	2649

	9
	2081
	2932

	10
	2356
	3298


From the above table, it is clear that a significant amount of data can be transmitted over 3 UL symbols for a large proportion of UEs. 
We also note that the amount of transmitted data will further increase in any of the following cases:
a. If the “FFS: UL DMRS enhancements, if any” discussed in RAN1 #89 decides to implement the suggestion in Scheme 3-2 of [5] to not transmit any DMRS in symbol #3 of a partial subframe and instead utilize the DMRS of the adjacent full subframe. Doing this will increase by 33% the amount of data bits that can be transmitted in partial subframes ending in symbol #3, without loss of performance in low Doppler configurations. Such low Doppler configurations are expected to occur in majority of scenarios in 5 GHz unlicensed spectrum networks. In support of this, note that the LAA TR [3] specifies 3 Km/hr as the only speed for LAA evaluations.
b. If future releases of LAA UL support 1024 QAM as is being proposed for the DL in Release 15, it can further increase the amount of transmitted data by 25%. Note that 802.11ax already supports 1024 QAM. 

Given the above, it is clear that the argument that 3 UL symbols cannot carry any useful data is not valid.
Observation 1: A significant amount of data can be transmitted in the UL in an end partial subframe ending at the end of symbol #3. This is borne out by simulations based on the 3GPP Indoor model. 
Observation 2: The amount of data transmitted in the UL in an end partial subframe ending at the end of symbol #3 will be further increased in the following cases:

a. If it is decided to not transmit DMRS in symbol #3 and instead utilize the DMRS of the adjacent full subframe. Doing this will increase the amount of transmitted data by 33% without any loss of performance in low Doppler configurations.
b. If future releases of LAA UL support 1024 QAM. This will increase the amount of transmitted data by 25%.

2. We further note that even for Best Effort traffic, large IP packet sizes do not necessarily translate to large transport block size. This is because fragmentation and (re)assembly at RLC and MAC are likely to create transport blocks of smaller sizes too and from the above table it is clear that a large number of such smaller packets can be carried in UL subframes ending in symbol #3.
Observation 3: Even Best Effort traffic with large IP packet sizes can have smaller transport blocks due to segmentation and (re)assembly at the RLC and MAC. So, a large number of such smaller packets can be carried in an UL end partial subframe ending at the end of symbol #3. 

3. Partial subframes ending at symbol #3 will also increase the channel utilization and spectral efficiency of LAA. The LAA eNB or UE can win the channel at any time instant. However, COTs are in integer multiples of 1ms and UL transmissions can only start at 0.5ms boundaries. So, LAA can waste up to 0.5ms of transmission opportunity. 
Definition of a partial subframe ending at the end of symbol #3, will enable LAA to utilize an additional 3 or 4 symbols of transmission every time it wins the COT at or after the end of symbol #3 and before the end of symbol #6. Since the probability of acquiring a COT is uniformly distributed between symbols 0 and 13, defining a partial subframe ending at symbol #3 will lead to more efficient channel utilization in 21% (i.e. 3/14) of the cases. In these 21% cases, the COT wastage will reduce by an average of 78% or 88% depending on whether we exclude or include DMRS in the calculations (78% = [(3/3)*1/3 + (3/4)*1/3 + (3/5)*1/3]*100, 88% = [(4/4)*1/3 + (4/5)*1/3 + (5/6)*1/3]*100).
4. Increase in the number of end partial subframes, including subframes ending at symbol #3 will reduce the chances of the UE having to transmit lower priority data or padding in order align the end of the subframe to the available choices. This will also make LAA better match Wi-Fi that can end its transmission at the nearest 4us boundary once it exhausts data of the appropriate priority.
Any reduction in COT wastage/transmission of lower priority data/transmission of padding and subsequent increase in spectral efficiency of LAA will make LAA coexist more fairly with another co-channel LAA or Wi-Fi node. So, points 3 and 4 above are very important from the perspective of fair coexistence.
2.2.2 UL partial subframe ending at the end of symbol #10
Similar to the discussion in points 3 and 4 of section 2.2.1 above, defining a partial subframe ending at the end of symbol #10 will increase channel utilization, reduce transmission of lower priority data and padding and increase spectral efficiency of LAA. 
Inclusion of such a subframe will enable LAA to utilize an additional 3 symbols (or 4 symbols if the DMRS on symbol #10 is dropped as in Scheme 3-2 of [5]) for data transmission every time it wins the COT at or after the end of  symbol #10 and before the end of symbol #12. Since the probability of acquiring a COT is uniformly distributed between symbols 0 and 13, defining a partial subframe ending at symbol #10 will lead more efficient channel utilization in 14% (i.e. 2/14) of the cases. In these 14% cases, the COT wastage will reduce by an average of 87% or 90% depending on whether we exclude or include DMRS in the calculations (87.5 = [(3/3)*1/2 + (3/4)*1/2]*100, 90% = [(4/4)*1/2 + (4/5)*1/2]*100). 
As mentioned above, any such increase in channel efficiency and reduction in transmission of lower priority data or padding is important not only for LAA on its own but also for fair coexistence with other LAA and Wi-Fi nodes.
Finally, please note that partial subframes ending at the end of symbol #3 and symbol #10 have already been defined for the LAA DL, much for the same reasons as discussed above. So, it is only natural to define them for LAA UL too, especially since defining such subframes does not introduce any significant implementation complexity.

Observation 4: Defining end partial subframes ending at the end of symbol #3 and symbol #10 will increase the channel utilization and spectral efficiency of LAA. 
a. For partial subframes ending at symbol #3: In 21% cases, the COT wastage will reduce by an average of 78% or 88% depending on whether we exclude or include DMRS in the calculations.
b. For partial subframes ending at symbol #10: In 14% cases, the COT wastage will reduce by an average of 87% or 90% depending on whether we exclude or include DMRS in the calculations.
Observation 5: Increase in the number of end partial subframes, including subframes ending at the end of symbol #3 and symbol #10 will reduce the chances of the UE having to transmit lower priority data or padding.
Observation 6: Any reduction in COT wastage/transmission of lower priority data/transmission of padding and subsequent increase in spectral efficiency of LAA will make LAA coexist more fairly with another co-channel LAA or Wi-Fi node.

Proposal 3: UL partial subframe transmission ending in the end of symbol #3 and symbol #10 shall be supported. 
3 Observations and Conclusions
Proposal 1: If the UE is allowed Mode 1 UL partial subframe transmission at the beginning of symbol #7 of only the first subframe of a set of consecutively allocated subframes, this increases the additional LBT attempts by only one. Hence, the Release 14 Type 2 channel access procedure can be used unchanged.
Proposal 2: If the UE is allowed Mode 1 UL partial subframe transmission at the beginning of symbol #7 of every subframe of a set of consecutively allocated subframes, the number of possible LBT attempts by the UE within the shared COT shall be limited to the number of consecutively allocated UL subframes. This keeps the number of Type 2 LBT attempts unchanged relative to what has been agreed in Release 14. 

Observation 1: A significant amount of data can be transmitted in the UL in an end partial subframe ending at the end of symbol #3. This is borne out by simulations based on the 3GPP Indoor model. 
Observation 2: The amount of data transmitted in the UL in an end partial subframe ending at the end of symbol #3 will be further increased in the following cases:

c. If it is decided to not transmit DMRS in symbol #3 and instead utilize the DMRS of the adjacent full subframe. Doing this will increase the amount of transmitted data by 33% without any loss of performance in low Doppler configurations.
a. If future releases of LAA UL support 1024 QAM. This will increase the amount of transmitted data by 25%.
Observation 3: Even Best Effort traffic with large IP packet sizes can have smaller transport blocks due to segmentation and (re)assembly at the RLC and MAC. So, a large number of such smaller packets can be carried in an UL end partial subframe ending at the end of symbol #3. 
Observation 4: Defining end partial subframes ending at the end of symbol #3 and symbol #10 will increase the channel utilization and spectral efficiency of LAA. 
a. For partial subframes ending at symbol #3: In 21% cases, the COT wastage will reduce by an average of 78% or 88% depending on whether we exclude or include DMRS in the calculations.
b. For partial subframes ending at symbol #10: In 14% cases, the COT wastage will reduce by an average of 87% or 90% depending on whether we exclude or include DMRS in the calculations.
Observation 5: Increase in the number of end partial subframes, including subframes ending at the end of symbol #3 and symbol #10 will reduce the chances of the UE having to transmit lower priority data or padding.
Observation 6: Any reduction in COT wastage/transmission of lower priority data/transmission of padding and subsequent increase in spectral efficiency of LAA will make LAA coexist more fairly with another co-channel LAA or Wi-Fi node.

Proposal 3: UL partial subframe transmission ending in the end of symbol #3 and symbol #10 shall be supported.  
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Agreement:


UL partial subframe transmission starting at symbol #7 is supported with both following modes  Mode 1 and Mode 2


Mode 1. The UE may start at a Rel-14 starting point or at symbol #7 depending on e.g. the outcome of LBT


The TBS is determined as for the full subframe regardless of the starting point (i.e. no TBS scaling)


FFS: channel access within shared COT


FFS: how to indicate to which UL subframes this applies


FFS: UCI mapping, if supported





Mode 2. The UL grant indicates starting position at number #7


FFS: additional starting points between symbols #7 and #8 


The TB(s) is rate matched into the second slot


TBS Scaling is used similarly as in FS2


FFS: TBS scaling details  


FFS: UCI mapping, if supported


Agreement:


For Mode 1:


When transmission starts at symbol #7, the first slot of a subframe is punctured


FFS: new MCS table and when that would be applicable








Agreement:


UL partial subframe transmission ending in the end of symbol #6 is supported (in addition to #12 and #13 already supported)


FFS: #3 and #10 


The ending position is indicated with the UL grant


The TB(s) is rate matched into the allocated symbols


TBS Scaling is used similarly as in FS2


FFS: TBS scaling details  


FFS: UCI mapping, if supported


FFS: whether the starting symbols is always #0 or as in Rel-14


SRS transmission is not supported in these cases





FFS: UL DMRS enhancements, if any 








