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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier. The relevant part in the latest WID [1] is copied below:
	[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]-	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that all UEs have to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier, in accordance with RP-172104


In RANP#80 meeting, the way forward on SDL/SUL pairing [2] was endorsed and the agreed proposal is copied below.
	Proposal:
· Ensure in Rel-15 to allow configuration of a cell where the only UL signaled in SIB is in a RAN4-defined SUL band, and where the DL is in a RAN4-defined SDL band or in a TDD band. PRACH transmissions initiated only on the SUL should be supported.
· Task RAN2 to check if complete support for SDL+SUL in Rel-15 is already ensured and whether a specific capability is required, and if needed to complete the support
· Task RAN4 to determine how to define pairing of bands defined as SDL bands and SUL bands, e.g. whether it should be introduced as new FDD band or new (non-CA) band combination
· RAN2 and RAN4 to coordinate as needed.


In this contribution, we first identify the potential RAN1 impact for supporting SDL+SUL and provide corresponding approach. Then the remaining issues on NE-DC and EN-DC are discussed. 
[bookmark: _Ref129681832]Discussion 
On supporting SDL+SUL
For the NTA-offset value for SUL, it is determined from the non-supplementary UL carrier. But this is only effective for the case that UE is configured with two UL carriers including one SUL and one non-SUL. Particular for SDL+SUL case, UE cannot determine the value of NTA-offset for SUL owing to the absence of non-SUL. 
In RAN4#87 meeting, the values of NTA-offset were agreed as the following table shows where UE would identify NTA-offset based on the information according to TS38.331. 
	Agreements: 
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD and TDD band without LTE-NR coexistence case
	25600

	FR1 FDD band with LTE-NR coexistence case 
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1: The UE identifies [image: ] based on the information [TBD] according to [TS38.331].
Note 2: The value of [image: ] that applies to the supplementary UL carrier is determined from the non-supplementary UL carrier.





For this agreement, RAN4 has already sent an LS to RAN2 to specify the signaling of NTA_offset, and a dedicated higher layer parameter has been introduced for this purpose which has been captured in current version of TS38.331. It is necessary to mention that the NTA-offset can be signaled via RRC signaling per serving cell. Thus for SDL+SUL case, it is straightforward to let UE determine the value NTA-offset from higher layer signaling. The corresponding text proposal is given below.
[bookmark: OLE_LINK196][bookmark: OLE_LINK197]Proposal 1: Adopt the following text proposal for TS38.213.
--------------------------< Start of text proposal for TS38.213 >--------------------------
[bookmark: _Toc517265028]4.2	Transmission timing adjustments



If a UE is configured with two UL carriers in a serving cell, a same value of  applies to both carriers. The value of  is determined from the non-supplementary UL carrier. is described in [10, TS 38.133]. For a UE configured with a supplementary UL carrier in a serving cell and the supplementary UL carrier is the only UL carrier in the serving cell, the UE is expected to determine the value of NTA_offset for the serving cell by higher layer parameter n-TimingAdvanceOffset.
Upon reception of a timing advance command for a TAG containing the primary cell or PSCell, the UE adjusts uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based on the received timing advance command.
--------------------------< End of text proposal for TS38.213 >--------------------------
On re-transmission issue for SUL
In RAN2#100 meeting, the following agreements have been made. 
	Agreement:
· HARQ process can continue when BWP/SUL switching occurs.
· For same cell, one common HARQ entity is used for both UL and SUL.


Since one common HARQ entity is used for UL and SUL in the same serving cell, re-transmission is allowed to be taken place on the different uplink than the uplink for initial transmission in the same serving cell configured with SUL from RAN2 perspective. For the RAN1 agreement with regard to re-transmission of a TB cannot take place on different carrier than the initial transmission, it is only made for serving cell with a single uplink carrier due to the fact that this agreement was made before RAN2 defined SUL and non-SUL as a single serving cell. Actually, the aim of the concerned agreement is to eliminate re-transmission of a TB on different cell than the initial transmission, and the word “carrier” should be interpreted as “cell”. Therefore, for a serving cell configured with SUL, re-transmission on different uplink carrier than the initial transmission within the same serving cell is already supported in the specifications. Note that, allowing different uplinks for initial transmission and re-transmissions provides a higher degree of freedom for network to perform more flexible resource allocation which is beneficial to improve spectrum efficiency for the entire network. But from the perspective of UE, transition between UL and SUL frequently may lead to the increase of UE complexity to some extent. Thus, motivated to reduce UE complexity, it is preferable to let UE assume the same uplink for initial transmission and re-transmission(s) of one TB in Rel-15. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Observation 1: For uplink transmission, re-transmission of a TB on different uplink than the initial transmission in the same serving cell is already supported.
Proposal 2: UE may assume the same uplink for both initial transmission and re-transmission(s) of one TB in Rel-15.
On NE-DC with architecture option 4
For NE-DC (i.e. with architecture option 4), NR is the MCG and LTE is the SCG. The potential RAN1 impact is in the area of UL power control.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]For EN-DC, both dynamic and semi-static power sharing mechanisms can be supported. Particularly for dynamic power sharing, the UE shall reduce the power at NR side if the total transmit power would be higher than its supported maximum transmit power. Namely, LTE is prioritized than NR. For NE-DC, NR shall have higher priority than LTE since the gNB plays the role similar to MeNB. Thus the power control mechanism for EN-DC needs to be re-considered for NE-DC. Particularly, the priority rule for UE behavior on resolving transmit power limitation or concurrent transmission collision between NR and LTE may be modified. A straightforward approach is prioritizing NR over LTE for NE-DC. In this case, UE shall either reduce the transmit power or drop the signal of LTE when total transmit power is limited in concurrent transmission. Then we have the following proposal.
Proposal 3: NR is prioritized than LTE for NE-DC in dynamic power sharing.
On EN-DC power control
In this section, we discuss conditions for EN-DC UE to support dynamic power sharing between LTE and NR. In TS 38.213, dynamic power sharing procedure is described as following:
-	If the UE indicates a capability for dynamic power sharing between EUTRA and NR and
-	if the UE is not configured for operation with shortened TTI and processing time on the MCG [13, TS 36.213], and 


-	if the UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG, and


-	if  in any portion of slot  of the SCG, 







	the UE reduces transmission power in any portion of slot  of the SCG so that  in any portion of slot , where  and  are the linear values of the total UE transmission powers in subframe  of the MCG and in slot  of the SCG, respectively.

[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88]It is indicated that only NR transmit power can be scaled down to avoid . In other words, NR modem needs to be acquainted with the transmit power of LTE modem for overlapping slot before calculating its own transmit power. Additionally, both NR and LTE uplink transmit powers should be determined earlier than their actual uplink transmissions, respectively. Among these timeline conditions of dynamic power sharing, the most critical timeline is that the acquaintance of LTE uplink power by NR modem is earlier than NR power calculation and NR uplink transmission because of faster NR UE processing time. How critical such timeline is depends on UE implementation, timing advanced of LTE, numerology of NR, TTI length of LTE and interworking time between two modems. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]In Figure 1, we give an example to show how related factors impact on whether UE can operate in dynamic power sharing mode. In the following figure, LTE UL subframe N+4 is overlapped with NR UL subframe Q+4 and Q+5.  The time of calculating transmission power for LTE UL subframe N+4, i.e. the red line, is early than the time of calculating transmission power for NR UL slot Q+4, i.e., the blue line. If the difference between two lines denoted by Tinteraction is greater than the interworking time between LTE modem and NR modem, UE can support dynamic power sharing. 


Figure 1. An example of UE dynamic power sharing




[bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK163][bookmark: OLE_LINK161][bookmark: OLE_LINK162][bookmark: OLE_LINK164][bookmark: OLE_LINK165]The relationship between Tinteraction and aforementioned factors is derived below. The uplink transmit time for LTE subframe N+4 is denoted by , and  is the uplink transmit time for NR slot Q+4. Assume the minimum time for LTE to begin Tx transmission power calculation is . And the minimum time for NR between the calculation and transmission is . Assume LTE begins to calculate the N+4 UL transmission power at . Assume NR begins to calculate the Q+4 UL transmission power at . As shown in Figure 1, we can get equation (1) and (2):  

          (1)

                                                 (2)


To make the dynamic power control possible, the difference between  and  should be greater than interworking time between LTE and NR. Then we can get equation (3): 

                                               (3)

where  is the time for interworking. 
As shown in Figure 1, if  is much earlier than , for example, if only 1 or 2 symbols in slot Q+4 overlaps with subframe N+4, the power calculation time of overlapping subframe N+4 and slot Q+4 will be too close for interaction. For the worst case, 

                                    (4)
If dynamic power sharing can be supported in the worst case, dynamic power sharing can be supported in other cases. Therefore, we take equation (4) to calculate the difference between LTE and NR power calculation time, and we can get equation (5)

      (5)








If factors in equation (5) can make the difference between  and  greater than interworking time, dynamic power sharing is capable. is greater than 2ms in most of cases because of EPDCCH design.  is less than PUSCH preparing time N2. Using our assumption, we hope less value of . The OFF-ON time is about 20us. And a little time for calculation and control, we can assume  is about 1 OS for SCS 15KHz, 2OS for 30KHz, etc. This is the minimum required time, which should be ensured. The following Table 1 shows some examples to show the impact of factors in equation (5).  can be achieved using equation (5), and dynamic power sharing is capable when .
Table 1. Some cases of EN-DC power control
	Case 
	

	

	

	

	

	

	

	DPS or not

	1
	1ms
	20544Ts
0.668ms
	2. 5 ms
	1ms

	3OS
0.214ms
	0
	-0.382 ms
	No

	2
	1ms
	20544Ts
0.668ms
	2.5 ms
	1ms
	1OS
0.071ms
	0
	-0.239 ms
	No

	3
	1ms
	0.429ms
	2.5 ms
	1ms
	1OS
0.071ms
	0
	0 ms
	Yes

	4
	1ms
	20544Ts
0.668ms
	2. 0 ms
	1ms
	3OS
0.214ms
	0
	0.118 ms
	Yes

	5
	1ms
	20544Ts
0.668ms
	2.0 ms
	1ms
	1OS
0.071ms
	0
	0.739 ms
	Yes

	6
	1ms
	20544Ts
0.668ms
	2. 5 ms
	0.5ms
	6OS
0.214ms
	0
	0.118 ms
	Yes

	7
	1ms
	20544Ts
0.668ms
	2. 5 ms
	0.5ms
	1OS
0.071ms
	0
	0.261 ms
	Yes

	8
	1ms
	20544Ts
0.668ms
	2. 5 ms
	0.25ms
	6OS
0.214ms
	0
	0.368 ms
	Yes








[bookmark: OLE_LINK176][bookmark: OLE_LINK177][bookmark: OLE_LINK175][bookmark: OLE_LINK174][bookmark: OLE_LINK138][bookmark: OLE_LINK137]According to the analysis, different values of factors are given in the table. For NR SCS 15KHz, we compare different TA values for LTE, , and , to explain the cases where dynamic power sharing is incapable. According to the table, following can be figured out. For NR SCS is 15KHz in case 1 and case 2, we assume maximum TA value for LTE, there is no time for interaction between LTE and NR, so dynamic power sharing can not be supported. For NR SCS is 15KHz in case 2 and case 3, we can see that dynamic power sharing can be supported in case 3 with smaller TA value for LTE. In case 4 and case 5, these are extreme cases due to is greater than 2ms in most of cases because of EPDCCH design. From case 1 to case 5, we can see that dynamic power sharing is capable, when LTE TA is small. In case 6 and case 7, we give examples for NR SCS 30KHz. In the examples, LTE TA is maximum, and  is as large as 6 OS. In case 8, LTE TA and  are also extremely large. From case 6, case7 and case8, we can see that dynamic power sharing is capable for NR SCS greater than 15KHz. Based on above analysis, when we consider LTE can transmit power control information to NR, we should take these factors into consideration: timing advanced of LTE, numerology of NR, TTI length of LTE and interworking time between two modems.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Based on the examples in Table 1, we can get the following observations:
[bookmark: OLE_LINK142][bookmark: OLE_LINK143]Observation 2: For SCS 15KHz, some UEs can support dynamic control with small LTE Timing advanced. 
Observation 3: For SCS greater than 15KHz, UEs can be expected to support dynamic control between LTE and NR. 
Observation 4: UE cannot be expected to support the dynamic power for the following cases:
· Smaller SCS with larger TA.
So Rel-15 dynamic power control for EN-DC can be supported in some scenarios but cannot be in other scenarios. It is recommended to consider this when defining the test case. 
Since there is no common understanding on dynamic power control between RAN1 and RAN4, it is recommended to send an LS to RAN4 to address the above observations.
Proposal 4:  Send an LS to RAN4 to address the above observation 2, observation 3, and observation 4.

Conclusions
In this contribution, we discuss remaining issues related to SUL, NE-DC, and EN-DC. The following observations and proposals are given:
Observation 1: For uplink transmission, re-transmission of a TB on different uplink than the initial transmission in the same serving cell is already supported.
Observation 2: For SCS 15KHz, some UEs can support dynamic control with small LTE Timing advanced. 
Observation 3: For SCS greater than 15KHz, UEs can be expected to support dynamic control between LTE and NR. 
Observation 4: UE cannot be expected to support the dynamic power for the following cases:
· Smaller SCS with larger TA.

Proposal 1: Adopt the following text proposal for TS38.213.
--------------------------< Start of text proposal for TS38.213 >--------------------------
4.2	Transmission timing adjustments



If a UE is configured with two UL carriers in a serving cell, a same value of  applies to both carriers. The value of  is determined from the non-supplementary UL carrier. is described in [10, TS 38.133]. For a UE configured with a supplementary UL carrier in a serving cell and the supplementary UL carrier is the only UL carrier in the serving cell, the UE is expected to determine the value of NTA_offset for the serving cell by higher layer parameter n-TimingAdvanceOffset.
Upon reception of a timing advance command for a TAG containing the primary cell or PSCell, the UE adjusts uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based on the received timing advance command.
--------------------------< End of text proposal for TS38.213 >--------------------------
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: UE may assume the same uplink for both initial transmission and re-transmission(s) of one TB in Rel-15.
Proposal 3: NR is prioritized than LTE for NE-DC in dynamic power sharing.
[bookmark: _GoBack]Proposal 4:  Send an LS to RAN4 to address the above observation 2, observation 3, and observation 4.
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