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1 Introduction

In 3GPP RAN1#89 meetings, UL Sharing for NSA NR UE was discussed and the following conclusion was agreed [1]:
· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier on different frequency), the UE can only operate on one of the carriers at a given time among a pair of LTE and NR carriers

· FFS whether or not there is specification impact

· If there is RAN1 specification impact, aim to minimize the specification impact for NR

· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 

· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported

This contribution gives the initial analysis on the specification impact for TDM operation from both LTE and NR. 
2 Discussion
2.1 Views on the TDM Operation for NSA
The tight interworking between LTE and NR (e.g., EN-DC and NGEN-DC) has been supported in NR WI phase. Some operators have planned to select LTE-NR DC solution (e.g., Option3/4/7 family) for their initial 5G deployment. In DC-based solution, UE shall support uplink transmission to MN and SN simultaneously. And the Dual-Radio solution for UE RF design is usually regarded as the basic assumption for intra-LTE DC and LTE-NR DC. However, from the perspective of UE design, some issues on Dual Radio solution are as follows, especially for two or more Tx RF chains:
· Potentially increases the UE cost and power consumption

· Makes the interference problem between different Bands much more complicated. i.e., the MSD become much more severe once there are transmissions of different bands simultaneously.

B42 is the candidate frequency for NR deployment in China. And B3 is our LTE commercial frequency. From our side, we take B3+42 DC with dual uplink chain for example to illustrate our concern. As table 1 shows, the MSD is extremely huge for Band 3 due to 2nd IMD and 4th IMD. The serious coexistence problem needs to be overcome. This implies a big challenge for UE design, and may bring negative impact on the uplink coverage of NR and LTE.
Table 1 the interference in B3+42 DC scenario
	E-UTRA Band/ Channel bandwidth/ NRB/ Duplex mode
	Source of IMD

	EUTRA CA Configuration
	E-UTRA band
	UL FO

(MHz)
	UL/DL

BW

(MHz)
	UL

CLRB
	DL FO

(MHz)
	MSD

(dB)
	Duplex

mode
	

	CA_3A-42A
	3
	1740
	5
	25
	1835
	29.8
	FDD
	IMD2

	
	42
	3575
	5
	25
	3575
	N/A
	TDD
	N/A

	CA_3A-42A
	3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD4

	
	42
	3435
	5
	25
	3435
	N/A
	TDD
	N/A


To solve the aforementioned problems, the uplink TDM operation for NSA can be regarded as an alternate. In 3G and 4G era, the TDM operation solutions across different RAT or carriers have been well studied to meet the various requirements, to name a few:

· SRS switching in E-UTRAN

· CDMA 1x/DO

· Single Radio LTE (SRLTE) 
In order to promote 5G industry, the UE with different Tx/Rx capability shall be supported in the future network. In order to achieve the peak data rate in downlink direction, we propose to consider the UE with multiple Rx chains but only one Tx chain working at a given time. As depicted in Fig 1, this type of UE can receive data from NR and LTE in downlink direction simultaneously, but can only transmit to one RAT with time sharing in the uplink direction. 
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Figure 1 uplink TDM operation for LTE-NR dual connectivity
Proposal 1: For NSA UE with uplink TDM operation capability, we propose to only consider the UE with multiple Rx chain but only one Tx chain working at a given time in Rel15 NR WI. 
Proposal 2: In order to promote 5G industry, the UE with different Tx/Rx capability shall be supported in future 5G network
2.2 Analysis of the Specification impact
Due to the scheduling is independent for MN and NN, the uplink transmission to MN and NN may be overlapped in DC scenario. If RAN1 doesn’t specify any actions or rules on TDM operation or no coordination between MN and NN, the UE shall abandon some sub-frames to avoid overlapping according to itself implementation. Obviously the more sub-frames are overlapped, the more sub-frames need to be abandoned, Furthermore, we can also conclude that the UE performance will be worse with more sub-frames dropped.
For further analysis of the performance, we give two use cases as follows:

1) TD-LTE as the PCell in MN
If TDD is the PCell in LTE MeNB, there are two types of “collision” in every 5ms or 10ms:
· The LTE UL only sub-frame and NR self-contained sub-frame or NR UL only sub-frame

· LTE UPPTS sub-frame and NR self-contained sub-frame or NR UL only sub-frame

As depicted in Fig 2, the probability of collision may be low with DL/UL sub-frame configuration 2. And we assume the LTE has the higher priority than NR in collision scenario. With the knowledge of the sub-frame configuration for MN, the NR gNB can schedule uplink transmission to avoid overlapping via asynchronous HARQ. For eMBB over NR, this solution looks fine. However, for URLLC over NR, the average delay will be extended. e.g., for TD-LTE with configuration 1(DL/UL=2:2). 
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Figure 2 TDM for TD-LTE and NR
2) LTE FDD as the PCell in MN
If LTE FDD is the PCell in MN, the situation is not so optimistic as figure 3 shows. The UL sub-frames of LTE FDD will not be consecutive anyhow. Without coordination between MN and NN, the collision will be more severe. This will lead to a great negative impact on UE performance. From UE side, how to drop the overlapped sub-frames will be a puzzle.
Even if the coordination between MN and SN as the assumption is ideal, without consecutive sub-frame in uplink direction, the UE action is still needed to be further studied for ACK/NACK feedback, CSI reporting, RACH and etc. And we must point out that scheduling is not the “master key” to solve all the issues. In order to cope with non-consecutive in uplink for LTE FDD, the simplest way is to reuse the principle of TDD as PCC in TDD-FDD CA. The HARQ timing and other procedures has been re-designed for LTE FDD. Moreover, considering the characteristic of NR sub-frame and URLLC, some enhancements for existing mechanism are also needed.
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Figure 3 TDM for LTE FDD and NR
Observation 1: Without any enhancement in LTE and NR specifications (including RAN1/2/3/4), NSA UE with TDM operation capability can work in NSA network, but with poor performance.
Observation 2: In order to coordinate the uplink transmission between MN and SN, the specification impacts on RAN2 and RAN3 need to be studied. 
And the following proposals are given as below: 
Proposal 3: For TDM Operation, the impacts on LTE specification need to be further studied.
Proposal 4: Considering the time plan of NR and LTE, the TDM operation with no specification impact can be done in R15 NR WI. At the same time, the performance of TDM operation with great specification impact shall be studied and evaluated in parallel.
3 Conclusion
Based on the discussion in section 2 the followings observation and proposals are proposed:
Observation 1: Without any enhancement in LTE and NR specifications (including RAN1/2/3/4), NSA UE with TDM operation capability can work in NSA network, but with poor performance.
Observation 2: In order to coordinate the uplink transmission between MN and SN, the specification impacts on RAN2 and RAN3 need to be studied. 
Proposal 1: For NSA UE with uplink TDM operation capable, we propose to only consider the UE with multiple Rx chains but only one Tx chain works at a given time in Rel15 NR WI. 

Proposal 2: In order to promote 5G industry, the UE with different Tx/Rx capability shall be supported in future 5G network

Proposal 3: For TDM Operation, the impacts on LTE specification need to be further studied.
Proposal 4: Considering the time plan of NR and LTE, the TDM operation with no specification impact can be done in R15 NR WI. At the same time, the performance of TDM operation with great specification impact shall be studied and evaluated in parallel.
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