[bookmark: _Ref284200431][bookmark: _Ref308466795]3GPP TSG RAN WG1 Meeting #83				    			 R1-157240
Anaheim, USA, 15-22 November 2015

[bookmark: _Ref178064866]Source:	ETRI
Title:	Discussion and details on data transmission 
Agenda item:	6.2.3.3
Document for:	Discussion and Decision
Introduction
How to use unlicensed spectrum in combination with licensed spectrum [1] is studied and the outcome of the study is described in [3]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks. In order to support the LAA as an SCell, work item on Licensed-Assisted Access to Unlicensed Spectrum is approved with objectives described in [2], including:

· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)

To support discontinuous transmission with limited maximum transmission duration, some functional details are discussed and agreed in RAN1 WGs, but some issues are still left. Therefore, we will discuss on the remaining issues focusing on the data transmission in unlicensed carrier and also propose the functional details on those issues. 

Discussion on data transmission for LAA
In this section, we will discussion and propose the details on the downlink data transmission, focusing on the FFS on the agreements in RAN1 WG, including:
· Whether/how to multiplexing DRS and PDSCH for unlicensed carrier (see 2.1)
· Whether/how to support partial subframe in the last subframe (see 2.2)

[bookmark: _Ref308466783]Multiplexing DRS and PDSCH for unlicensed carrier
Figure 1 shows examples of DRS structure with/without PDSCH and PDSCH without DRS in one RB including PSS/SSS/CRS/CSI-RS based on the agreements on the design of DRS[5][6]. As shown the figures, if the structure DRS in unlicensed carrier is a subset of the Rel-12 PSS/SSS/CRS, PDSCH and DRS can be multiplexed in the same subframe. 

Observation1: If the structure of DRS in unlicensed carrier is a subset of the Rel-12 PSS/SSS/CRS, PDSCH and DRS may be multiplexed in the same subframe.

Additionally if CSI-RS is configured based on the Rel-12 CSI-RS configuration defined in Table 1, CSI-RS configuration 4, 9, 18, 19, and 20-31 cannot be configured because OFDM symbol #5/6 are occupied by SSS/PSS and LAA SCell is considered as frame structure type 1. In addition, those CSI-RS configurations shall not be used in the subframe #0/5 due to the transmission of PSS/SSS, and summarised in Table 1.

Observation2: CSI-RS configuration #4,9,18,19 and 20-31 cannot be configured in the subframe where PSS/SSS are expected to transmit (i.e., in subframe 0/5 and within DMTC window). 

Proposal1: UE assumes that CSI-RS configuration #4,9,18,19 and 20-31 are not be configured in the subframe where PSS/SSS are expected to transmit (i.e., in subframe 0/5 and within DMTC window). 
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[bookmark: _Ref434509428]Figure 1 – example of the structure of DRS without PDSCH, DRS+PDSCH, and PDSCH without DRS for LAA based on [5][6]

[bookmark: _Ref308466798]Partial subframe and related issues for unlicensed carrier
“DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe” was agreed in RAN1#82-bis[5], but following FFSs shall be determined for the last subframe:
· how to signal the structure of the last subframe
· whether to define a 13-symbol partial subframe
· whether DwPTS structure with 3 OFDM symbols can be used for the last subframe
· whether to support partial TTI in SF0 and SF5
· whether the CSI-RS is configured in the partial subframe

CSI-RS in partial subframe 
Figure 2 and Figure 3 show the possible example of partial subframes using the structure of DwPTS described in [4] if the CSI-RS is configured at subframe other than 0/5 and at subframe 0/5, respectively. As shown the Figure 2, following CSI-RS configurations can be configured in the partial subframe if the CSI-RS is configured in the partial subframe at subframe other than 0/5 (summarised in Table 1):
· DwPTS with special subframe configuration 0, 5 and 9: any Rel-12 CSI-RS configuration cannot be configured
· DwPTS with special subframe configuration 1, 2, 6, 7: CSI-RS at OFDM symbol # 9/10, 12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 1-4, 6-9, 12-19, and 20-31 cannot be configured)
· DwPTS with special subframe configure 3, 4, 8: CSI-RS at OFDM symbol #12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 4, 9, 18, 19, 20-31 cannot be configured)
In addition, as shown the Figure 3, following CSI-RS configurations can be configured in the partial subframe if the CSI-RS is configured in the partial subframe at subframe 0/5 (summarised in Table 1):
· DwPTS with special subframe configuration 0, 1, 2, 5, 6, 7, and 9: any Rel-12 CSI-RS cannot be configured
· DwPTS with special subframe configure 3, 4, 8: CSI-RS at OFDM symbol #12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 4, 9, 18, 19, 20-31 cannot be configured)

Observation3: If CSI-RS is not configured at least in the partial subframe, all structure of DwPTS with any special subframe configuration can be used.

Observation4: Rel-12 CSI-RS configuration #4,9,18,19,20-31 cannot be used in any partial subframe in the last subframe. In addition, some other Rel-12 CSI-RS configurations (such as #1-3, 6-8, and 12-17) cannot be configured in the partial subframe in the last subframe.

Meanwhile, if CSI-RS is allowed to configure other OFDM symbols such as #3/4 (as proposed in [8][10]), the CSI-RS can be included in the partial subframe as formed by the structure of DwPTS. In addition, CSI-RS is only assumed to be included in the full or partial subframe within the COT. For example if the CSI-RS is configured on the OFDM symbol #12/13 and those OFDM symbols are outside of COT, UE does not assume that CSI-RS is not included in the partial subframe and does not perform CSI on that subframe (see details in [7]).

Proposal2: DL transport block in the last subframe of a DL Tx burst can be transmitted as follows:
· If CSI-RS is not allowed to configure in the partial subframe in the last subframe of a DL Tx burst, any structure of DwPTS can be used
· If CSI-RS is allowed to configure in the partial subframe in the last subframe of a DL Tx burst, UE assumes that:
· if configured in the partial subframe subframe other than 0/5:
· DwPTS with special subframe configuration 0, 5 and 9: any Rel-12 CSI-RS cannot be configured
· DwPTS with special subframe configuration 1, 2, 6, 7: CSI-RS at OFDM symbol # 9/10, 12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 1-4, 6-9, 12-19, and 20-31 cannot be configured)
· DwPTS with special subframe configure 3, 4, 8: CSI-RS at OFDM symbol #12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 4, 9, 18, 19, 20-31 cannot be configured)
· if configured in the partial subframe at subframe 0/5:
· DwPTS with special subframe configuration 0, 1, 2, 5, 6, 7, and 9: any Rel-12 CSI-RS cannot be configured
· DwPTS with special subframe configure 3, 4, 8: CSI-RS at OFDM symbol #12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 4, 9, 18, 19, 20-31 cannot be configured)
· Note: UE only assumes that CSI-RS(s) are only included within the COT.
· FFS: Rel-13 CSI-RS in DwPTS (if defined in LAA or FD-MIMO WI) in the partial subframe of the last subframe
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[bookmark: _Ref308466838][bookmark: _Ref308466833]Figure 2 – Example of the structure of the partial subframe with CSI-RS at subframe other than 0/5
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[bookmark: _Ref308466841]Figure 3 – Example of the structure of the partial subframe with CSI-RS at subframe 0/5



[bookmark: _Ref308470963]Table 1 – Rel-12 CSI-RS configuration (CSI-RS conf. 20-31 are not showing) and whether CSI-RS is configured in subframe 0/5, DRS and partial subframe
	CSI reference signal configuration
	Number of CSI reference signals configured
	Can CSI-RS configured?

	
	1 or 2
	4
	8
	Subframe 0/5
	DRS
	Special configuration in DwPTS

	
	(k',l')
	ns mod 2
	(k',l')
	ns mod 2
	(k',l')
	ns mod 2
	
	
	0/5
	9
	1/6, 2/7
	3/8, 4

	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0
	No
	No
	No
	No
	Yes
	Yes

	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	Yes
	Yes
	No
	No
	No
	Yes

	2
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1
	Yes
	Yes
	No
	No
	No
	Yes

	3
	(7,2)
	1
	(7,2)
	1
	(7,2)
	1
	Yes
	Yes
	No
	No
	No
	Yes

	4
	(9,5)
	1
	(9,5)
	1
	(9,5)
	1
	Yes
	No
	No
	No
	No
	No

	5
	(8,5)
	0
	(8,5)
	0
	
	
	No
	No
	No
	No
	Yes
	Yes

	6
	(10,2)
	1
	(10,2)
	1
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	7
	(8,2)
	1
	(8,2)
	1
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	8
	(6,2)
	1
	(6,2)
	1
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	9
	(8,5)
	1
	(8,5)
	1
	
	
	Yes
	No
	No
	No
	No
	No

	10
	(3,5)
	0
	
	
	
	
	No
	No
	No
	No
	Yes
	Yes

	11
	(2,5)
	0
	
	
	
	
	No
	No
	No
	No
	Yes
	Yes

	12
	(5,2)
	1
	
	
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	13
	(4,2)
	1
	
	
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	14
	(3,2)
	1
	
	
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	15
	(2,2)
	1
	
	
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	16
	(1,2)
	1
	
	
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	17
	(0,2)
	1
	
	
	
	
	Yes
	Yes
	No
	No
	No
	Yes

	18
	(3,5)
	1
	
	
	
	
	Yes
	No
	No
	No
	No
	No

	19
	(2,5)
	1
	
	
	
	
	Yes
	No
	No
	No
	No
	No





Identifying the current subframe and last subframe
If the partial subframe is transmitted in the last subframe in the downlink transmission burst, UE needs to recognise whether the current subframe is the last subframe or not, which is discussed via e-mail and followings are reached as possible options to identify for signaling the number of expected DL subframes in each DL subframe in the ongoing transmission burst:
· Option 1: No signaling is needed
· Option 2: Signaling is carried in DL every subframe.
· Option 3: Signaling is carried in a subset of DL subframes (e.g. last subframe)
· FFS: Signaling method if signaling is adopted

As discussed via e-mail discussion, signaling seems to be beneficial for UE on which upcoming subframes can be utilized for maintaining time/frequency/CSI tracking, for stopping the behaviour related to receive downlink burst, for identifying the current subframe is the last subframe, and etc. Thus, we introduce potential signaling methods if signaling is adopted. Table 2 provides possible information to identify the current subframe is the last subframe including the number of expected DL subframes on going transmission. 
· Method1: this method indicates whether current subframe is the last or not and how many subframes are left in the current transmission burst. For example, current subframe is indicated with “k-(n-m)”, current subframe is mth subframe from the last subframe.
· Method2: this method indicates that current subframe is the first/intermediate/last subframe in the current transmission burst
· Method3: this method indicates whether current subframe is the last or not in the current transmission burs
· Method4: this method indicates whether current subframe is full subframe or partial subframe (i.e., last subframe). In addition, this method4 with any method 1~3 is only used when partial subframe is transmitted in the last subframe, which may reduce unnecessary signaling not in the last subframe.

Observation5: It is necessary to signal 1) whether the current subframe is last or not and 2) to indicate the length of (at least) the last subframe. 

[bookmark: _Ref308506517]Table 2 – possible information to identify the current subframe is last subframe
	
	1st subframe
	2nd subframe
	3rd subframe
	4th subframe
	…
	(n-1)th subframe
	nth subframe
	Note

	Method1
	k
	k-1
	k-2
	k-3
	…
	k-(n-2)
	k-(n-1)
	Indicates the number of expected subframes in the COT

	Method2
	F(=01)
	I(=10)
	I(=10)
	I(=10)
	…
	I(=10)
	L(=11)
	Indicates it is first(F)/intermediate(I)/last(L)

	Method3
	L(=0)
	L(=0)
	L(=0)
	L(=0)
	…
	L(=0)
	L(=1)
	indicates it is last or not

	Method4
	P(=0)
	P(=0)
	P(=0)
	P(=0)
	
	P(=0)
	P(=1)
	indicates it is partial or not



If the current subframe is the last subframe in the current transmission burst and it is partial subframe, additional information (i.e., length of the last subframe) can be signalled explicitly or implicitly. In order to signal the length of the partial subframe in the last subframe, following options could be potential solution using one of them or some combination of them:
· using PHICH: PHICH may not be used as HARQ ACK/NACK in LAA. Thus, the information (to identify the current subframe is last or not and/or length of the last subframe)can be included in  PHICH. 
· using PCFICH: PCFICH is used for the length of PDCCH. If the length of the PDCCH is configured by RRC or same as that of PCell, PCFICH can indicate the length of last subframe if PCFICH is enough to indicate.
· Scrambling of CRS: similar to scrambling issues for DRS (see our companion contribution[9], which introduces sequence generation of SSS and RS in DRS), LAA specific scrambling of CRS can be considered if the information is included as a part of sequence generator such as cinit. 
· Common DCI: DCI in PDCCH in every or the last subframe can indicate the length of the current/last subframe

Observation6: To signal the length of the last subframe, which length of the last subframe is supported for LAA is necessary to be down-selected by RAN1. 

Proposal3: whether the current subframe is last or not and how to indicate the length of last subframe shall be decided by RAN1, among the following options:
· Option1: modification of the current PHY control channel (e.g., PHICH, PCFICH)
· Option2: blind decoding based on the scrambling of RS (e.g., CRS)
· Option3: design of the new common DCI
· Option4: Option1+Option2




[bookmark: _Ref430955505]
Conclusion
In this contribution, we discussed about the data transmission burst, focusing on the multiplexing DRS and PDSCH and possible partial subframe in the last subframe for unlicensed carrier in unlicensed carrier and observed: 

Observation1: If the structure of DRS in unlicensed carrier is a subset of the Rel-12 PSS/SSS/CRS, PDSCH and DRS may be multiplexed in the same subframe.

Observation2: CSI-RS configuration #4,9,18,19 and 20-31 cannot be configured in the subframe where PSS/SSS are expected to transmit (i.e., in subframe 0/5 and within DMTC window). 

Observation3: If CSI-RS is not configured at least in the partial subframe, all structure of DwPTS with any special subframe configuration can be used.

Observation4: Rel-12 CSI-RS configuration #4,9,18,19,20-31 cannot be used in any partial subframe in the last subframe. In addition, some other Rel-12 CSI-RS configurations (such as #1-3, 6-8, and 12-17) cannot be configured in the partial subframe in the last subframe.

Observation5: It is necessary to signal 1) whether the current subframe is last or not and 2) to indicate the length of (at least) the last subframe. 

[bookmark: _GoBack]Observation6: To signal the length of the last subframe, which length of the last subframe is supported for LAA is necessary to be down-selected by RAN1. 

In addition, to multiplex DRS and PDSCH as well as to support possible partial subframe in the last subframe, we propose:

Proposal1: UE assumes that CSI-RS configuration #4,9,18,19 and 20-31 are not be configured in the subframe where PSS/SSS are expected to transmit (i.e., in subframe 0/5 and within DMTC window). 

Proposal2: DL transport block in the last subframe of a DL Tx burst can be transmitted as follows:
· If CSI-RS is not allowed to configure in the partial subframe in the last subframe of a DL Tx burst, any structure of DwPTS can be used
· If CSI-RS is allowed to configure in the partial subframe in the last subframe of a DL Tx burst, UE assumes that:
· if configured in the partial subframe subframe other than 0/5:
· DwPTS with special subframe configuration 0, 5 and 9: any Rel-12 CSI-RS cannot be configured
· DwPTS with special subframe configuration 1, 2, 6, 7: CSI-RS at OFDM symbol # 9/10, 12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 1-4, 6-9, 12-19, and 20-31 cannot be configured)
· DwPTS with special subframe configure 3, 4, 8: CSI-RS at OFDM symbol #12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 4, 9, 18, 19, 20-31 cannot be configured)
· if configured in the partial subframe at subframe 0/5:
· DwPTS with special subframe configuration 0, 1, 2, 5, 6, 7, and 9: any Rel-12 CSI-RS cannot be configured
· DwPTS with special subframe configure 3, 4, 8: CSI-RS at OFDM symbol #12/13 cannot be included (i.e., Rel-12 CSI-RS configuration 4, 9, 18, 19, 20-31 cannot be configured)
· Note: UE only assumes that CSI-RS(s) are only included within the COT.
· FFS: Rel-13 CSI-RS in DwPTS (if defined in LAA or FD-MIMO WI) in the partial subframe of the last subframe

Proposal3: whether the current subframe is last or not and how to indicate the length of last subframe shall be decided by RAN1, among the following options:
· Option1: modification of the current PHY control channel (e.g., PHICH, PCFICH)
· Option2: blind decoding based on the scrambling of RS (e.g., CRS)
· Option3: design of the new common DCI
· Option4: Option1+Option2
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