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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the NB-IoT Ad-Hoc meeting and RAN1#84, the uplink frame design of NB-IoT was discussed and the following has been agreed:
· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 
· At least for FDD with the normal CP case,
· For 3.75kHz subcarrier spacing of uplink, 
· Define a 2ms NB-slot, there are 7 symbols. 
· One symbol consists of 528 Ts of symbol with CP length of 16 Ts assuming Ts=1/1.92MHz. Editor will take care how to capture Ts value in the spec.
· The above symbols are located from the beginning of 2ms period.
· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS.
· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd
· FFS on collision of LTE SRS for in band mode 
· Opt 1: eNB scheduling or implementation
· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 
· Opt 3: define a GP to avoid potential collision
· Note combination of above options can also be considered.

From the agreements, the structure of the uplink frame for NB-IoT has been determined for both 3.75 kHz and 15 kHz subcarriers uplink transmission. The remaining part is how to inform the configuration of the LTE SRS pattern to NB-IoT UEs, and how NB-IoT UEs avoid mutual impact between NB-IoT symbols for NB-PUSCH and LTE SRS.
Handling of collision with LTE SRS
For 3.75 kHz uplink transmission, a GP with duration of 144Ts (TS=1/1920 ms) has been introduced and the NB-Slot boundary can be configured with even or odd LTE subframe boundary to align potential LTE SRS positions with the GP of NB-Slot. This can minimize the collision between NB-IoT symbols and LTE SRS. However, for some configurations, such as 1ms period SRS pattern, a few LTE SRS positions may not be able to align with the GP of the NB-Slot and may overlap with NB-IoT symbols. 
For 15 kHz uplink transmission, the last NB-IoT symbol may also overlap with LTE SRS depending on the detailed LTE SRS configuration of LTE.
For single tone NB-PUSCH transmission, the time domain length of resource unit is 8ms for 15 kHz uplink and 32 ms for 3.75 kHz uplink. In this case, the symbol level combination between the symbols with duration of 8ms/32ms may not be larger, therefore for the NB-IoT symbols that collide with LTE SRS positions, rate matching is preferred to handle these NB-IoT symbols due to smaller performance impact compared with puncturing.
Proposal 1: For 3.75 kHz subcarrier spacing and LTE SRS symbol positions that are not able to align with GPs in an NB-Slot, NB-PUSCH is rate matched around the overlapped NB-IoT symbols and those symbols are not used for transmission.
Proposal 2: For 15 kHz sub-carrier spacing, NB-IoT symbols are not used when colliding with LTE SRS symbol positions and NB-PUSCH rate-matching is used to transmit 15 kHz NB-IoT transmission.
To achieve this, the configuration information regarding the LTE SRS avoidance needs to be broadcast in NB-IoT system information. 
Proposal 3: NB-IoT configuration field regarding the avoidance of LTE SRS is broadcasted in the NB-IoT system information
Regarding the detailed design of the configuration field regarding the avoidance of LTE SRS, an example is given. All of the LTE SRS pattern configuration is shown in Table 1, and one additional column is added to show (for information) the exact subframes that may convey LTE SRS under each configuration. 
Table 1: Table 5.5.3.3-1 in TS 36.211, Frame structure type 1 sounding reference signal subframe configuration
	srs-SubframeConfig
	Binary
	Configuration  Period 

 (subframes) 
	Transmission offset 

   (subframes)
	Subframes that may convey LTE SRS

	0
	0000
	1 
	{0}
	{0,1,2,3,4,5,6,7,8,9}

	1
	0001
	2
	{0}
	{0, 2, 4, 6, 8}

	2
	0010
	2
	{1}
	{1, 3, 5, 7, 9}

	3
	0011
	5
	{0}
	{0, 5}

	4
	0100
	5
	{1}
	{1, 6}

	5
	0101
	5
	{2}
	{2, 7}

	6
	0110
	5
	{3}
	{3, 8}

	7
	0111
	5
	{0,1}
	{0, 1, 5, 6}

	8
	1000
	5
	{2,3}
	{2, 3 , 7 ,8}

	9
	1001
	10
	{0}
	{0}

	10
	1010
	10
	{1}
	{1}

	11
	1011
	10
	{2}
	{2}

	12
	1100
	10
	{3}
	{3}

	13
	1101
	10
	{0,1,2,3,4,6,8}
	{0,1,2,3,4,6,8}

	14
	1110
	10
	{0,1,2,3,4,5,6,8}
	{0,1,2,3,4,5,6,8}

	15
	1111
	reserved
	reserved
	reserved



For simplicity, some of the configurations in Table 1 can be merged and the field regarding the LTE SRS avoidance can be reduced. As shown in Table 2, total 3 bits can be used for the indication of the avoidance of LTE SRS. Some of the examples are further illustrated in Figure 1 in Appendix. 



Table 2: example of configuration field regarding avoidance of LTE SRS in NB-IoT system information
	Configuration# regarding the field broadcasted in NB-IoT
	Corresponding to LTE srs-SubframeConfig#
	NB-IoT Symbols that need to be rate matched (for 3.75kHz transmission)
	NB-IoT Symbols that need to be rate matched (for 15kHz transmission)

	0
	#0 (1ms period), #13, #14, #7, #8
	· The Start boundary of NB-Slot is aligned with even LTE subframe boundary
· The middle NB-IoT symbols of all NB-Slots are not used and NB-PUSCH is rate matched around the middle NB-IoT symbols (see Figure 1(a))
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The last symbol of all 1ms NB-IoT subframe are not used for 15kHz uplink transmission


	1
	#1 (2ms period), 
	· The Start boundary of NB-Slot is aligned with even LTE subframe boundary
· All the NB-IOT symbols are used for transmission
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The last symbol of 1ms NB-IoT subframe #0,2,4,6,8 are not used for 15kHz uplink transmission

	2
	#2 (2ms period)

	· The Start boundary of NB-Slot is aligned with odd LTE subframe boundary
· All the NB-IOT symbols are used for transmission(see Figure1(b))
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The last symbol of 1ms NB-IoT subframe #1,3,5,7,9 are not used for 15kHz uplink transmission

	3
	#3 (5ms period),
#9(10ms period)
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#1
· The middle NB-IOT symbol in NB-Slot#2 are not used and NB-PUSCH is rate matched around the middle NB-IoT symbols
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The last symbol of 1ms NB-IoT subframe #0, 5 are not used for 15kHz uplink transmission

	4
	#4 (5ms period)
#10(10ms period)
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The middle NB-IOT symbol in NB-Slot#3 are not used and  NB-PUSCH is rate matched around the middle NB-IoT symbols
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
The last symbol of 1ms NB-IoT subframe #1, 6 are not used for 15kHz uplink transmission

	5
	#5 (5ms period)
#11(10ms period)
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#1
· The middle NB-IOT symbol in NB-Slot#3 are not used and NB-PUSCH is rate matched around the middle NB-IoT symbols
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The last symbol of 1ms NB-IoT subframe #2, 7 are not used for 15kHz uplink transmission

	6
	#6 (5ms period)
#12(10ms period)
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The middle NB-IOT symbol in NB-Slot#4 are not used and NB-PUSCH is rate matched around the middle NB-IoT symbols (See Figure1(c))
	· The Start boundary of NB-Slot#0 is aligned with the boundary of LTE subframe#0
· The last symbol of 1ms NB-IoT subframe #3, 8 are not used for 15kHz uplink transmission

	7
	reserved
	No LTE SRS configured
	No LTE SRS configured



Regarding the supported LTE SRS configurations, the NB-Slot boundary is aligned with either even or odd LTE subframe so that most of the LTE SRS positions are protected by NB-IoT GP.
Proposal 4:  Adopt the design in Table 2 for NB-IoT configuration field regarding the avoidance of LTE SRS, which use 3 bits in NB-IoT system information.
Also, it can be found from Figure 1 that the middle NB-IoT symbol #3 in each NB-Slot may collides with LTE SRS in some cases. Therefore, the DMRS of uplink 3.75 kHz PUSCH transmission is proposed to be conveyed by symbol #2 or #4 instead. This is further discussed  in the companion paper[3].

Conclusions
Uplink frame structure of both 3.75kHz NB-PUSCH and 15kHz NB-PUSCH have been concluded. The remaining details on how to inform the configuration of the LTE SRS pattern to NB-IoT UEs is discussed in the contribution, and for the NB-IoT symbols that are not able to align with the GP of NB-Slot, rate matching is proposed to be applied for NB-PUSCH around these NB-IoT symbols. Examples of NB-IoT configuration field regarding the avoidance of LTE SRS are also provided in the paper.
Proposal 1: For 3.75 kHz subcarrier spacing and LTE SRS symbol positions that are not able to align with GPs in an NB-Slot, NB-PUSCH is rate matched around the overlapped NB-IoT symbols and those symbols are not used for transmission.
Proposal 2: For 15 kHz sub-carrier spacing, NB-IoT symbols are not used when colliding with LTE SRS symbol positions and NB-PUSCH rate-matching is used to transmit 15 kHz NB-IoT transmission.
Proposal 3: NB-IoT configuration field regarding the avoidance of LTE SRS is broadcasted in the NB-IoT system information
Proposal 4:  Adopt the design in Table 2 for NB-IoT configuration field regarding the avoidance of LTE SRS, which use 3 bits in NB-IoT system information.
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Appendix



(a) Illustration of uplink 3.75kHz NB-PUSCH transmission for the Configuration#0 regarding the field broadcasted in NB-IoT



(b) Illustration of uplink 3.75kHz NB-PUSCH transmission for the Configuration#2 regarding the field broadcasted in NB-IoT





(c) Illustration of uplink 3.75kHz NB-PUSCH transmission for the Configuration#6 regarding the field broadcasted in NB-IoT

Figure 1: Examples to handle the collision with LTE SRS configurations (1ms/2ms/ 5ms SRS period)
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