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1 Introduction

In the RAN1 NR AH January 2017 meeting, the following agreements and conclusions were achieved [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


The scenario of UL only sharing between LTE and NR is agreed. In the scenario, the LTE system is on a paired spectrum while the NR DL is on a dedicated carrier other than the LTE DL carrier, LTE and NR are sharing the UL carrier of the LTE system. In this contribution, several issues in this scenario are considered and discussed. 

2 Discussion
2.1 LTE-NR UL only sharing scenario
This contribution focuses on the uplink resource sharing of NR and LTE on the uplink carrier of the LTE FDD system, as illustrated in Figure 1.  And the corresponding downlink carrier of the LTE is not shared, i.e. there is no NR signal transmitted on the corresponding LTE DL carrier. 
The NR dedicated carrier could be used for all downlink transmission, or could be inserted with SRS transmissions for better performance of the massive MIMO. 
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Figure 1 (a) NR DL carrier and UL shared carrier (b) NR TDD carrier and UL shared carrier
The frequency of the shared LTE UL carrier should be known to the NR UEs for accessing the NR network. In the coexistence scenario, the shared LTE carrier and the NR dedicated carrier will be located on different frequency, so the NR dedicated carrier should provide relevant information of the shared LTE UL carrier for initial access, e.g the DL broadcast of MIB in NR dedicated carrier should indicate the frequency distance between the NR dedicated carrier and the shared LTE carrier, or indicate the frequency of the shared LTE uplink carrier.
2.2 Discussion on LTE-NR UL only sharing
2.2.1 Synchronization and timing offset
For standalone NR, NR network can operate standalone and NR UE could access, transmit and receive NR signals only on NR carrier including NR dedicate carrier and NR-LTE shared carrier without LTE assistance.  Since there is no paired DL carrier for the NR shared UL carrier, synchronization for the NR shared UL carrier should be addressed.  When the frequency distance between the NR dedicated carrier and the shared UL carrier is not much wide, NR UE could firstly synchronize in both time and frequency domain to NR dedicated DL carrier in high frequency (e.g. 3.5GHz) and using this synchronization information for NR-LTE shared UL carrier in low frequency (e.g. 2GHz) for uplink transmission. In addition, UL NR signal on NR shared UL carrier are also possible used for NR shared UL carrier synchronization.
Proposal 1: NR shared UL carrier synchronization is based on NR DL carrier or NR UL signal on NR shared UL carrier should be considered.
On the shared LTE FDD uplink carrier, the LTE timing is applied. For a LTE FDD system, the synchronization between cells or sites is not required. Different LTE sites may have different timing. But for the NR dedicated carrier with SRS transmission, the NR carrier of different cells/TRPs/sites are supposed to be synchronized with each other. Then the synchronous NR carrier and asynchronous shared LTE UL carrier will result in different timing offset between the NR carrier and the shared LTE UL carrier on different sites, as illustrated in Figure 3. The NR UE will transmit the preamble on the shared LTE UL carrier for cell access. However, the UE has no knowledge about the timing offset if neither such information is indicated to the UE nor NR downlink reference signal is transmitted on the corresponding LTE FDD DL carrier. According to the above analysis, the UE should be informed about the timing offset between the NR carrier and the shared LTE UL carrier. When a handover occurs, the timing offset of the target cell should also be known to the NR UEs.
The timing offset could be known to the NR UE by system indication or performing measurement of the LTE reference signal by the NR UE. 
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Figure 2 Example of NR carrier and shared carrier asynchronous
Observation 1: In the scenario of LTE UL carrier sharing only, there is timing offset between NR carrier and shared uplink carrier.

Proposal 2: The timing offset between NR and LTE should be known to the NR UEs for accessing the NR network. 
2.2.2 Measurement
The shared LTE FDD uplink carrier and the NR dedicated carrier will be located on different frequency, e.g. the carrier frequency of the shared LTE uplink carrier is around 2.0GHz, while the carrier frequency of the NR carrier is around 3.5GHz. The characteristics of the wireless channel of the NR carrier and the sharing uplink carrier of LTE could be very different, such as the pathloss and the Line-Of-Sight probability. In addition, massive MIMO is likely to be deployed on the NR carrier, so the antenna configuration of these two carriers could be quite different with each other, resulting in the large difference of the signal transmission characteristics.

For the NR UEs, the measurement is based on the signals which are transmitted on the NR carrier. However, such measurement information is not applicable to the characteristics of the NR-LTE shared UL carrier due to the significant difference between these two channels. The statistical properties of pathloss with different configuration, such as different frequencies and different antenna configurations are illustrated in Figure 4 (cfg1 and cfg2 refer to different antenna configurations, the simulation assumptions refer to Table A.2.1-11 in 38.802 for urban Macro). It is observed from the curves that the signal transmission characteristics are very different in different frequency carrier.
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Figure 3 Pathloss comparison of 2.0GHZ, 3.5GHz and 30GHz
Under this circumstance, the pathloss of the NR-LTE shared UL carrier is not available to the NR UE, resulting in the difficulty of the power control. 
According to the above analysis, the mechanism of the pathloss measurement of the NR-LTE shared UL carrier needs to be studied. One of the solutions for PRACH power control is to rely on the power ramping up for the preamble transmission. And for the NR-PUSCH power control, the mechanism should be also studied. One of the solutions is that the pathloss is estimated and indicated by the gNB and informed to the NR UE. Another solution to the pathloss issue is that the pathloss difference between the NR carrier and the NR-LTE shared UL carrier is estimated by the gNB and informed to the NR UE. 

Observation 2: In the coexistent scenario, the wireless channel characteristics of the NR dedicated carrier and the shared LTE uplink carrier could be with significant difference.

Proposal 3: Mechanism of pathloss acquisition for the shared uplink carrier needs to be supported.
2.2.3 Resource sharing
The sharing of NR and LTE on the LTE UL carrier could be FDM and/or TDM. The resource allocation between LTE and NR could be semi-static or dynamic, and the NR UE and LTE UE are preferred to be transparent to each other. And since there is no mandatory always-on LTE signal transmitted on the shared uplink carrier, it is very simple for the dynamic sharing between NR and LTE. 
The design target of the NR for the coexistence should be no impact on the existing LTE users. The LTE and NR PUSCH transmissions can be scheduled to avoid the collision. The collision of NR PUSCH with LTE PUCCH and SRS can be avoided via gNB scheduling, by enabling indication of flexible starting point and duration of scheduled resources, or via blank/reserved resource indication.

Proposal 4: For LTE-NR UL only sharing, both FDM and TDM resource allocation between LTE and NR should be supported.
2.2.4 SRS
It is agreed in the NR discussion that the NR can avoid the LTE SRS transmission in the uplink subframe. It means that NR SRS can be placed in the OFDM symbol besides the last OFDM symbol, as shown in Figure 5 below, by this means, NR SRS and LTE SRS can coexist without interfering each other.
However, when NR SRS transmission on the shared LTE UL carrier, the following coexists of NR SRS and LTE PUSCH should be considered, by multiplexed in time or frequency domain. As shown in Figure 5, in the resource range in which LTE PUSCH is used, the NR SRS should not be transmitted, and otherwise there is interference between each other.  To solve this problem, how NR can dynamically avoid transmission in indicated resources or dynamic SRS transmission range in frequency domain should be studied.
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Figure 4 Coexistence of NR SRS with LTE uplink transmissions.
Proposal 5: The coexistence of NR UE SRS and LTE UE PUSCH (multiplex in time domain or frequency domain) is proposed to be further studied.

Finally, NR UEs may be required to transmit NR SRS on two NR carriers, i.e. both the NR dedicated carrier and NR-LTE shared UL carrier. On the NR dedicated carrier, the SRS could be used for downlink beamforming vector generation, and the SRS on the NR-LTE shared UL carrier is used for the link adaptation and scheduling etc. In this case, SRS switching could be used for the two NR carriers.
2.2.5 UL carriers selection
In the scenario that NR dedicated carrier also supports uplink transmissions e.g. PRACH channels, the NR UE should decide which NR carrier it should select for preamble transmission in the initial access procedure. In this scenario, initial access can be performed either on the NR dedicated carrier or the NR-LTE shared carrier using NR-PRACH. One of the solutions is that the NR UE transmits preambles on both of the UL carriers. Another solution could be that the NR UE selects the UL carrier according to the downlink path loss of the NR dedicated carrier, if the NR UE feels that the NR dedicated carrier is with poor quality (could be according to a quality threshold in the broadcast signal), then the UE can select the shared UL carrier for the uplink transmission. 

Proposal 6: For multiple NR UL carriers by NR UE, the UL NR carrier selection for initial access should be studied.
2.2.6 Additional issues for standalone NR

In the UL sharing scenarios, there may be UL signal transmitting on the NR carrier frequency if the NR dedicated carrier is an unpaired carrier and allows both downlink and uplink transmissions. One of the ways for the NR UE is to aggregate the UL frequencies using carrier aggregation mechanisms which requires that the NR UE has the capability of carrier aggregation. It is also preferred that the NR UE without carrier aggregation capability can also work in this scenario since the uplink coverage benefit is expected for all NR UEs on the shared UL frequency, and SRS transmission is beneficial on the NR unpaired frequency. The UE capability for this coexistence operation can be discussed in RAN4. 
2.2.7 Additional issues for non-standalone NR
For LTE-NR DC for UL sharing, two aspects can be assumed for the relationship between the LTE and the NR carrier. One of the aspects is that the UE can rely on the LTE signals for the measurement and then the synchronization and downlink measurement won’t be a problem. But the problem is that the LTE and the NR will be tightly interworking from the specification perspective. The other aspect is that the NR cell works similarly to the NR standalone mode. There is no tight L1 interworking between NR and LTE, then the problem is similar to the NR standalone mode mentioned in the above sections. 
3 Conclusion

In this contribution, the considerations of NR uplink operation on the uplink band of LTE are discussed. Based on the discussion, we have the following observations and proposals:
Observation 1: In the scenario of LTE UL carrier sharing only, there is timing offset between NR carrier and shared uplink carrier.

Observation 2: In the coexistent scenario, the wireless channel characteristics of the NR dedicated carrier and the shared LTE uplink carrier could be with significant difference.

Proposal 1: NR shared UL carrier synchronization is based on NR DL carrier or NR UL signal on NR shared UL carrier should be considered.
Proposal 2: The timing offset between NR and LTE should be known to the NR UEs for accessing the NR network. 
Proposal 3: Mechanism of pathloss acquisition for the shared uplink carrier needs to be supported.
Proposal 4: For LTE-NR UL only sharing, both FDM and TDM resource allocation between LTE and NR should be supported.
Proposal 5: The coexistence of NR UE SRS and LTE UE PUSCH (multiplex in time domain or frequency domain) is proposed to be further studied.

Proposal 6: For multiple NR UL carriers by NR UE, the UL NR carrier selection for initial access should be studied.
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