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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1 NR AH in January 2017, it is agreed that LTE-NR co-existence should support UL sharing scenarios for both standalone NR and non-standalone (Dual connectivity of LTE and NR) [1].  
Agreements:
· LTE-NR co-existence should support the following UL sharing scenarios:
· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE
· Detailed sharing on the UL is FFS
· Note: this is not intended to have impact on legacy LTE UEs
· LTE DL on a paired frequency F3
· NR DL transmission on frequency F2 (different than LTE DL frequency)
· NR UE operates in either of the following cases based on a common NR design:
· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2
· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS

In RAN1 #89 meeting in May 2017, it is agreed that SUL should be supported in NR [2]. Random access is supported in SUL carrier. To some extent, LTE-NR co-existence with UL sharing can be regarded as one special case of SUL, i.e., SUL with shared LTE UL carrier.
Agreements:
Specify mechanisms for supporting supplementary Uplink frequency
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL (at least for the case when NR spectrum is below 6 GHz).
-Minimize impact to NR physical layer design to enable this co-existence
· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion

In this contribution, Band 3 (1710-1785MHz for UL and 1805-1880MHz for DL) and Band 42 (3.4-3.6GHz for UL&DL) are assumed for the analysis. For simplicity, 1.8GHz is used to represent Band 3 and 3.5GHz is used to represent Band 42. Please note that 1.8GHz is just an example, other frequency like 900MHz/800MHz is also applicable for the analysis in this contribution. There are three deployment solutions for Band 3 and Band 42 which are listed in Table 1. Solution 1 is LTE_NR DC. One of the motivations for UL sharing of LTE_NR coexistence is to handle the mismatch between DL and UL coverage of NR for specific frequency, e.g., 3.5GHz (as shown in Figure 1). Solution 1 cannot handle the DL and UL coverage mismatch because cross carrier operation is not supported for DC. Solution 2 is NR CA in 3.5GHz and 1.8GHz. It can handle the UL DL coverage mismatch by transmitting PUCCH (e.g., ACK/NAK) in 1.8GHz for PDSCH in 3.5GHz in cell edge region (blue part in Figure 1). To support the above operation, UE in cell edge region should first access Pcell of 1.8GHz and then be configured to use Scell DL of 3.5GHz. Another issue for Solution 2 is that it need to refarm 1.8GHz which is originally used for LTE. Solution 3 is LTE-NR co-existence with UL sharing. With Solution 3, UE can directly access to NR with 1.8GHz UL and 3.5GHz DL in cell edge region, and it can handle the mismatch between DL and UL coverage of NR. NR can share the LTE UL frequency and this could be transparent at least to LTE UEs. So Solution 3 does not need to refarm LTE UL frequency and there is no impact for original LTE deployment in 1.8GHz. Compared with Solution 1 and Solution 2 where UE need to transmit in 2 carriers simultaneously, UE can transmit in 1 or 2 carriers simultaneously for Solution 3. Solution 3 may need more standardization work and the impact to NR physical layer design need to be minimized. The above analysis for the three solutions are summarized in Table 1 below.
Table 1. Three different deployment solutions for Band 3 and Band 42 combinations
	Deployment solutions for Band 3 and Band 42
	Frequency usage
	Handle the mismatch between DL and UL coverage of NR
	Refarm LTE frequency
	Number of carriers for UL simultaneous transmission
	Impact to NR physical layer design

	LTE_NR DC
	· NR: 3.5GHz TDD
· LTE: 1.8GHz FDD 
	No
	No
	2
	Low

	NR CA
	· NR: 3.5GHz TDD + 1.8GHz FDD
	Yes
	Yes
	2
	Low

	LTE-NR co-existence with UL sharing
	· NR: 3.5GHz TDD + 1.8GHz UL (shared with LTE UL)
· LTE: 1.8GHz FDD
	Yes
	No
	1 or 2
	The impact should be minimized





Figure 1. Mismatch between DL and UL coverage for NR in 3.5GHz TDD

This contribution analyses issues on UL frequency selection and also whether to support simultaneous Tx and Rx for LTE-NR co-existence with UL sharing.
2. Discussions
2.1. UL frequency selection
The UL frequency selection for LTE-NR co-existence with UL sharing is based on two assumptions. One is the coverage performance of 3.5GHz DL is better than 3.5GHz UL. Another is coverage performance of 1.8GHz UL is better than 3.5GHz UL. As shown in Figure 2, cell center users in yellow region can use 3.5GHz and/or 1.8GHz for UL. But for cell edge users, they can only use 1.8GHz for UL.


Figure 2. NR with UL sharing
There are some issues need to be considered for UL frequency selection in this scenario. 
· Random access
gNB need to broadcast the two UL carriers and UE need to select one carrier to do random access. The carrier selection for RACH can be based on RSRP measurement. For example, users at cell edge will measure a poor RSRP and they need to access the network in 1.8GHz, while users at cell center can use 1.8GHz or 3.5GHz for random access.
· Difference between UL pathloss and DL pathloss
Since the frequency gap is large between DL and UL, the pathloss difference between DL and UL cannot be ignored. In LTE systems, DL pathloss is used to do UL power control since the pathloss difference between UL and DL is marginal. However, for scenario of LTE-NR co-existence with UL sharing, a pathloss offset need to be added to DL pathloss to obtain UL pathloss and then the UL pathloss is used for UL power control. This offset is UL and DL bands dependent. It can be either configured by eNB or determined by UE. This offset is used at least for PRACH power control, since UE can only obtain DL pathloss from, e.g., RSRP measurement without any other related information at the very early stage (random access).
Proposal 1: A band dependent offset for UL and DL pathloss difference should be configured at least for PRACH power control.
2.2. Whether to support simultaneous Tx and Rx or not?
For users using 1.8GHz for UL, whether to support simultaneous Tx and Rx or not should be carefully considered.
Two options from perspective of users at cell edge are shown in Figure 3. Another two options from perspective of users at cell center are shown in Figure 4. The difference between the two options is whether to support simultaneous Tx and Rx or not.




Figure 3 Two options for UL operation for cell edge users



Figure 4 Two options for UL operation for cell center users

Please note that from gNB perspecitve, the UL operations are the same as the options in Figure 4.
The cons and pros for two options are analyzed as below.
· Option 1: Simultaneous Tx in 1.8GHz and Rx in 3.5GHz
· Pros: Compared with Option 2 where the UL is non-continuous, Option 1 can obtain lower UL latency and higher UL capacity
· Cons: May generate the 2nd order harmonics, i.e., 2nd order harmonics of 1.8GHz UL will fall into 3.5GHz DL. The power level of 2nd order harmonics is demonstrated in [3].
· Option 2: TDM for Tx in 1.8GHz and Rx in 3.5GHz
· Pros: Can avoid the 2nd order harmonics 
· Pros: May save a duplexer in RF design and the corresponding insertion loss can be avoided
· Cons: higher UL latency and lower UL capacity, compared with Option 1
[bookmark: _GoBack]Option 1 and Option 2 should be carefully studied considering the above cons and pros. The UE capability should also be considered, e.g., UE capability to suppress the 2nd order harmonics, and UE capability to support Option 1 or not.
Proposal 2: Whether to support simultaneous Tx and Rx in specific band combinations should be carefully studied considering their cons and pros.
3. Conclusion
This contribution analyses issues on UL frequency selection and also whether to support simultaneous Tx and Rx for LTE-NR co-existence with UL sharing. Two proposals are given.
Proposal 1: A band dependent offset for UL and DL pathloss difference should be configured at least for PRACH power control.
Proposal 2: Whether to support simultaneous Tx and Rx in specific bands should be carefully studied considering their cons and pros.
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