3GPP TSG RAN WG1 Meeting #83                                                   R1-157223
Anaheim, USA, 15th – 22th November, 2015
Source:
NTT DOCOMO, INC.
Title:
Support of partial subframe transmission for LAA
Agenda Item:
6.2.3.3
Document for: 
Discussion and Decision
1. Introduction

At the RAN1 #82bis meeting, following agreements and working assumption regarding LAA DL transmission were made [1].
Agreements:
· UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe (FFS: for partial subframe) subject to LBT
· Note: “UE may” implies no intention to specify explicit UE procedure related to detecting tx burst according to the above
Agreements:

· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe

· FFS whether to define a 13-symbol partial subframe

· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe

· FFS down selection
In addition to the support of PDSCH transmission in the last subframe of DL transmission burst where not all the OFDM symbols are available, the possible support of PDSCH transmission from the middle of the first subframe of DL transmission burst was also discussed [2, 3]. However, it has not been decided whether such the starting partial subframe transmission is supported in Rel-13 LAA or not.
In this contribution, we discuss on the support of starting partial subframe transmission and further details on ending partial subframe transmission.
2. Support of starting partial subframe transmission  
Basically, Cat. 4 LBT mechanism applied to LAA DL transmission can obtain the channel access opportunity just after the channel becomes idle and back-off duration, i.e., the start timing of the channel occupancy may not be aligned with the subframe timing. In order to avoid losing the channel access opportunity, eNB may transmit a signal for channel reservation until the next subframe boundary. However, such the transmission just for channel reservation is an unnecessary overhead in terms of the spectrum usage and hence it should be minimized as much as possible not only for the spectral efficiency of LAA but also for the coexistence with other systems on the same spectrum. Especially in case of 4 ms channel occupancy time limitation in Japan, possible overhead due to no support of starting partial subframe transmission is not negligible, e.g., about 14.7% of channel occupancy time would be an average overhead if the starting partial subframe transmission is not supported and the structures with {3, 6, 9, 10, 11, 12, 14} symbols are supported for ending partial subframe transmission. If the starting partial subframe transmission using 7 OFDM symbols, i.e., the second slot in the subframe is supported, this average overhead is reduced to about 8.4%. In addition, even with only single candidate structure for the starting partial subframe transmission, the coexistence performance is clearly improved from the performance without supporting the starting partial subframe transmission as shown in [4, 5] and Appendix. Therefore, the starting partial subframe transmission should be supported with at least one candidate structure for the starting partial subframe transmission.
Proposal 1: The starting partial subframe transmission should be supported with at least one candidate structure in Rel-13 LAA.

For the candidate structure of the starting partial subframe, existing slot design using 7 OFDM symbols would be preferable to minimize both the specification and implementation impacts and the possible overhead due to channel reservation by using only one structure for the starting partial subframe.  As shown in Figure 2-1, the existing design of first slot in a subframe is shifted to the position of second slot in the starting subframe of the burst. In order to support this starting partial subframe structure, UE would need to perform additional blind detection of CRS on symbol #7 (or #7/#8) if the presence of CRS on symbol #0 (or #0/#1) is not detected in the subframe. To avoid possible confusions at UE side, following UE assumptions would also be necessary.
· Even if the starting subframe of the burst is the subframe #0 or #5, PSS/SSS are not transmitted in the starting partial subframe. 

· Even if the starting subframe is overlapped with the configured subframe for periodic CSI-RS/IM, CSI-RS/IM are not present in the starting partial subframe.
· In the starting partial subframe transmission, CRS on symbol #11 is always present, i.e., MBSFN-like structure is not applied in the starting partial subframe.
In addition, there was a discussion on whether the support of starting partial subframe is mandatory or optional UE feature for Rel-13 LAA. As argued above, we think a main UE impact to support this feature is the additional blind detection for CRS on symbol #7 only when the serving cell’s transmission from symbol #0 in the subframe is not detected. Compared with it, eNB impact would be bigger since eNB needs to prepare the transmitting signals according to two possible starting positions for the first subframe of the burst. Therefore, we prefer that the support of starting partial subframe should be the mandatory feature of Rel-13 LAA UE, or it should be considered that eNB indicates whether it supports the starting partial subframe transmission or not to UEs so that UE can apply an appropriate behavior for the serving LAA SCell.
Proposal 2: For the starting partial subframe transmission, the existing design of first slot in a subframe is shifted to the position of second slot in the starting subframe of the burst.

· Even if the starting subframe of the burst is the subframe #0 or #5, UE shall assume that PSS/SSS are not transmitted in the starting partial subframe. 

· Even if the starting subframe is overlapped with the configured subframe for periodic CSI-RS/IM, UE shall assume CSI-RS/IM are not present in the starting partial subframe.
· MBSFN-like structure, i.e., CRS transmission only on symbol #7 (or #7/#8) is not applicable to the starting partial subframe.
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Figure 2-1: An example of proposed structure for starting partial subframe
3. Handling of ending partial subframe transmission  

For the ending partial subframe transmission, it was agreed that existing DwPTS structures can be reused. Currently, there are DwPTS structures with {3, 6, 9, 10, 11, 12} OFDM symbols. In terms of spectral efficiency, supporting larger number of candidate ending positions in the subframe is preferable. Assuming 4 ms channel occupancy time limitation and the support of starting partial subframe transmission based on the single candidate structure with 7 symbols, average overhead ratio in the maximum channel occupancy time, i.e., ratio of unavailable time resources for control and data transmission is calculated with different candidate sets of ending subframe structures as shown in Table 3-1. If we will down-select 4 candidate structures for the ending subframe, the average overhead is about 10% while required number of bits for the dynamic indication can be reduced from 3 to 2. On the other hand, having 3 bits for dynamic selection among up to 8 candidate structures, the average overhead can be reduced to about 8%. Since for LAA carrier a wide system bandwidth such as 20 MHz would be available, one additional symbol for the transmission can provide a large benefit on throughput not only for its own LAA network but also coexisting networks on the same carrier as shown in Appendix. Therefore, for the last subframe of the DL transmission burst, dynamic indication of the structure by using 3 bits to select from among up to 8 candidates should be supported. In addition to the full subframe structure and existing DwPTS structures, we can consider adding one more structure with keeping 3 bits for the indication. For example, a new structure with 7 symbols that will be defined for the starting partial subframe or a new structure with 13 symbols can be added to the candidate structures.
Proposal 3: For the last subframe of the DL transmission burst, dynamic indication of the structure by using 3 bits to select from among up to 8 candidates should be supported.
Table 3-1: Candidate sets of ending subframe structures

	Number of symbols in candidate structures for ending subframe
	Required number of bits for the dynamic indication
	Average overhead ratio in the maximum channel occupancy time

	{3, 6, 9, 10, 11, 12, 14}
	3
	8.4%

	{3, 6, 9, 10, 11, 12, 13, 14}
	3
	8.3%

	{3, 6, 7, 9, 10, 11, 12, 14}
	3
	8.2%

	{6, 9, 12, 14}
	2
	10.3%


There are some other issues related to ending partial subframe. Since any subframe could be the ending partial subframe according to the LBT-based channel access with the limitation of maximum channel occupancy time, some specific subframes such as subframe #0/#5 and subframe configured with periodic CSI-RS/IM could also be the ending partial subframe. To avoid possible UE confusions on those subframes, following UE assumptions for ending partial subframe would also be necessary.
· If the UE identifies that the subframe is an ending partial subframe consists of less than 12 OFDM symbols, UE shall not assume the presence of PSS/SSS in the subframe even if the subframe index is #0 or #5. 
· If the UE identifies that the subframe is an ending partial subframe consists of less than 14 OFDM symbols, UE shall not assume the presence of configured CSI-RS/IM that is mapped on unavailable symbols in the subframe even if the subframe overlaps with configured periodic CSI-RS/IM subframes.

In order to support the UE identification of ending partial subframe structure not only for demodulation but also for CSI measurement and synchronization, the dynamic indication of the structure for the ending subframe should be carried by a common signaling rather than UE dedicated signaling.
Proposal 4: The dynamic indication of the structure for the ending subframe should be carried by a common signaling.

· If the UE identifies that the subframe is an ending partial subframe consists of less than 12 OFDM symbols, UE shall not assume the presence of PSS/SSS in the subframe even if the subframe index is #0 or #5. 
· If the UE identifies that the subframe is an ending partial subframe consists of less than 14 OFDM symbols, UE shall not assume the presence of configured CSI-RS/IM that is mapped on unavailable symbols in the subframe even if the subframe overlaps with configured periodic CSI-RS/IM subframes.

4. Conclusion 

In this contribution, we have discussed on the support of starting partial subframe transmission and further details on ending partial subframe transmission. We made the following proposals. 

Proposal 1: The starting partial subframe transmission should be supported with at least one candidate structure in Rel-13 LAA.

Proposal 2: For the starting partial subframe transmission, the existing design of first slot in a subframe is shifted to the position of second slot in the starting subframe of the burst.

· Even if the starting subframe of the burst is the subframe #0 or #5, UE shall assume that PSS/SSS are not transmitted in the starting partial subframe. 

· Even if the starting subframe is overlapped with the configured subframe for periodic CSI-RS/IM, UE shall assume CSI-RS/IM are not present in the starting partial subframe.
· MBSFN-like structure, i.e., CRS transmission only on symbol #7 (or #7/#8) is not applicable to the starting partial subframe.

Proposal 3: For the last subframe of the DL transmission burst, dynamic indication of the structure by using 3 bits to select from among up to 8 candidates should be supported.
Proposal 4: The dynamic indication of the structure for the ending subframe should be carried by a common signaling.

· If the UE identifies that the subframe is an ending partial subframe consists of less than 12 OFDM symbols, UE shall not assume the presence of PSS/SSS in the subframe even if the subframe index is #0 or #5. 
· If the UE identifies that the subframe is an ending partial subframe consists of less than 14 OFDM symbols, UE shall not assume the presence of configured CSI-RS/IM that is mapped on unavailable symbols in the subframe even if the subframe overlaps with configured periodic CSI-RS/IM subframes.
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Appendix 

We have evaluated the impact of supporting the partial subframe transmission to the coexistence performance by using system level simulation. We apply following assumptions for the simulation. Evaluation results are show in Table A-1. It is observed that supporting flexible starting/ending positions in subframe can improve the system performance significantly.
· LAA-LAA coexistence in outdoor deployment scenario

· CCA ED threshold: -62 dBm

· Partial subframe assumption

· For burst starting position: (1) only subframe boundaries, (2) only slot boundaries

· For burst ending position: (a) at the symbol of {#5, #8, #11, #13}, (b) at the symbol of {#5, #6, #8, #9, #10, #11, #12, #13}
Table A-1: Performances with or without supporting flexible starting/ending positions
	Load [packets/operator/sector]
	Case
	5%ile UPT
	50%ile UPT
	Mean UPT

	
	
	Value [Mbps]
	Gain [%]
	Value [Mbps]
	Gain [%]
	Value [Mbps]
	Gain [%]

	0.5
	(1)-(a)
	16.8 
	0.0 
	57.2 
	0.0 
	57.8
	0.0

	
	(1)-(b)
	16.5 
	-2.2 
	58.0 
	1.4 
	58.5
	1.2

	
	(2)-(a)
	17.7 
	5.2 
	62.6 
	9.5 
	64.0
	10.7

	
	(2)-(b)
	17.9 
	6.6 
	63.6 
	11.1 
	64.5
	11.5

	2.0
	(1)-(a)
	12.8 
	0.0 
	51.6 
	0.0 
	53.8
	0.0

	
	(1)-(b)
	13.4 
	4.6 
	52.0 
	0.7 
	54.6
	1.5

	
	(2)-(a)
	15.7 
	22.8 
	57.2 
	10.8 
	59.8
	11.2

	
	(2)-(b)
	15.4 
	19.9 
	57.6 
	11.5 
	60.3
	12.2

	4.0
	(1)-(a)
	6.5 
	0.0 
	35.1 
	0.0 
	41.7
	0.0

	
	(1)-(b)
	7.0 
	6.6 
	35.7 
	1.7 
	42.3
	1.3

	
	(2)-(a)
	8.3 
	27.9 
	39.9 
	13.6 
	47.3
	13.5

	
	(2)-(b)
	8.4 
	29.0 
	41.3 
	17.5 
	48.2
	15.6

	6.0
	(1)-(a)
	2.0 
	0.0 
	18.5 
	0.0 
	27.6
	0.0

	
	(1)-(b)
	2.0 
	2.5 
	19.5 
	5.6 
	28.3
	2.6

	
	(2)-(a)
	3.3 
	64.5 
	24.6 
	33.0 
	33.9
	22.8

	
	(2)-(b)
	3.1 
	54.9 
	24.8 
	34.0 
	34.4
	24.9

	8.0
	(1)-(a)
	0.18 
	0.0 
	8.6 
	0.0 
	17.4
	0.0

	
	(1)-(b)
	0.18 
	-2.2 
	8.5 
	-0.6 
	17.6
	1.1

	
	(2)-(a)
	0.34 
	91.1 
	11.1 
	29.3 
	21.1
	21.4

	
	(2)-(b)
	0.37 
	104.2 
	11.6 
	34.9 
	21.9
	26.0
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