
[bookmark: _Ref124589705][bookmark: _Ref129681862]3GPP TSG RAN WG1 Meeting #90	R1-1712163 
Prague, Czech Republic, 21-25 August 2017

Agenda Item:	6.1.6
[bookmark: _GoBack]Source:	Huawei, HiSilicon
Title:	TDM of LTE and NR uplinks for LTE-NR dual connectivity
Document for:	Discussion and decision

Introduction
[bookmark: _Ref129681832]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 [1]:
	· 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 UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


In RAN1#89 [2], there are some conclusions on the single TX for NSA mode as follows
	Agreements:
· 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 of a different carrier frequency), the UE operates on only 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


In RAN1#Ad hoc2 [3], more details on single UL transmission were agreed as follows
	Agreements:
· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used
· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 
· FFS: Signaling to UE of UL transmission timing pattern
· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier
· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:
· DL-reference UL/DL configuration for TDD
· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell
· Up to NW implementation (i.e., no RAN1 spec. impact)
· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 
· Other solutions are not precluded
· Send an LS to RAN2, RAN3, and RAN4 – Kazuaki (DCM), which is drafted and endorsed in R1-1711877. Final LS approved in R1-1711878. 


In this contribution, we mainly focus on the situation where UEs are configured with multiple UL carriers on different frequencies for LTE-NR dual connectivity, and provide effective solutions for TDM transmission between LTE and NR.
Discussion
TDM with and without UL sharing 
Based on the agreements above, LTE-NR DC with time-switching of UL carrier is discussed, where the UE operates on only one UL carrier at a given time in the LTE-NR DC scenario. The TDM transmission on two UL carriers is to avoid the inter-modulation interference to the downlink. By applying TDM LTE-NR dual connectivity, there are two possible TDM solutions. One is that the LTE and NR UL transmission are multiplexed in a TDM manner on the LTE carrier and NR carrier respectively. And the other is that UE transmits LTE and NR signal on the same UL carrier frequency in a TDM manner which could be referred to LTE-NR dual connectivity with uplink sharing. In this section we take the example of that 3.5GHz is the NR dedicated carrier frequency, and LTE is on 1.8GHz
· Option 1: TDM without sharing. 
NR PUSCH&PUCCH and LTE PUSCH&PUCCH are shared in LTE UL carrier but in different subframes. In this case, the UL resource can be shared between LTE and NR in a static/semi-static manner. As an example in Figure 3, 8 subframes within a frame are allocated to LTE and the remaining ones are allocated to NR. But owing to the fact that LTE is with n+4 HARQ timing, 2 subframes of LTE DL resources cannot be used for PDSCH transmission owing to the lack of UL feedback resources. And in Figure 4, if the LTE FDD is using the reference TDD configuration for HARQ feedback, then all the downlink subframes can be used for downlink data scheduling for the same UE. 
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Figure 3 Subframe-level TDM in UL sharing without HARQ bundling for LTE FDD
[image: ]
Figure 4 Subframe-level TDM in UL sharing with HARQ bundling for LTE FDD
In this TDM configuration, the 1.8GHz carrier is a dedicated LTE carrier, on which only LTE signals are transmitted. In NR, there are a lot of optimization and enhancement in the uplink, such as the introduction of the CP-OFDM waveform, etc, which improve the uplink spectrum efficiency a lot. From this point of view, it is better that more 1.8GHz UL resources are allocated to NR if NR can be transmitted on 1.8GHz. 
Another benefit to allocate more resources on 1.8GHz to NR transmission is that, there is continuous UL resource on 1.8GHz for NR which can enable very low latency UCI feedback, such as the ACK and CQI/CSI etc. The reduced feedback latency can help to improve the downlink throughput on 3.5GHz. And furthermore, URLLC traffic will be supported efficiently with low latency feedback without adding GP for frequent UL feedback on 3.5GHz. Therefore, we have the following options which are LTE-NR DC with UL sharing. 
· Option 2: TDM with UL sharing. 
With the UL sharing scheme of option 2a and option 2b as shown in Figure 5 there is a large portion of the UL resources allocated to the NR, the NR can transmit its UL signals with very short latency and then this will exploit the following benefits without excessive GP overhead on the dedicated carrier frequency as mentioned above. 
· Reduced NR PDSCH to ACK/NAK latency
· Reduced NR UL grant to PUSCH latency
· Reduced NR CSI feedback latency
· Reduced NR DL overhead, e.g. due to UL scheduling with slot aggregation
Especially that URLLC services can be supported due to the very short round trip delay (for dedicated NR carrier, low latency feedback only can be implemented with GP in each subframe to reserve a UL resource in each subframe. And this method will bring larger GP overhead). It should be noted that, SRS will be still transmitted on the NR 3.5GHz carrier to improve the downlink performance of the massive MIMO. 
In option 2a and 2b, NR and LTE are sharing the lower frequency in a TDM manner for one UE. In option 2a, some of the LTE downlink subframes cannot be used due to lack of UL subframes for LTE PUCCH feedback. But it may not be a big issue, because the LTE link of LTE-NR DC is used to maintain a higher layer connection. Additionally, the issue was addressed in the last meeting with several potential solutions, one of which is option 2a with LTE HARQ bundling. 
The difference of option 2a and 2b is that the NR is transmitting on higher frequency or on the lower frequency in the UL subframe of higher frequency.
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Option 2a
[image: ]
Option 2a with LTE FDD HARQ bundling
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Option 2b
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Option 2b with LTE FDD HARQ bundling
Figure 5 TDM in UL sharing
 Observation 1: LTE-NR DC with UL sharing can exploit the benefit of the NR without excessive GP overhead
· Reduced NR PDSCH to ACK/NAK latency
· Reduced NR UL grant to PUSCH latency
· Reduced NR CSI feedback latency
· Reduced NR DL overhead, e.g. due to UL scheduling with slot aggregation

Proposal 1: Support TDM between LTE PUSCH&PUCCH and NR PUSCH&PUCCH in LTE-NR DC with UL sharing.
Carrier frequency switching and configuration for NR PUSCH&PUCCH
When UE in the active mode, there will be two UL carriers are available for the UE to transmit UL signals. One of the solutions is that PUSCH transmission is based on DCI scheduling, and the UE can be scheduled on either of the two UL carriers. But there may be some drawbacks for this dynamic scheduling method. One of the drawbacks is that the UE may not be able to dynamically change its PUSCH transmission carrier due to UE capability. Therefore before UL transmission, the UE should be configured in which subframe and on which carrier the UE can transmit its PUSCH or PUCCH as well. 
The reason for the PUSCH and PUCCH configuration is due to different benefit of using shared UL carrier frequency as the transmission carrier for PUSCH and PUCCH. For PUSCH, when the UE is at the cell center, 3.5GHz UL may provide larger throughput due to larger UL bandwidth. While for PUCCH, SUL transmission may provide very low feedback latency. 
When NR UE moves from cell edge to centre or from cell centre to edge, the UL carrier or PUSCH and PUCCH transmission should be reconfigured between 3.5GHz UL and the shared UL carrier, some example configurations are shown in Figure 4 and 5.
In option 2a and 2b, the NR PUCCH and PUSCH on different carriers can be configured by the gNB. And the switching can be between the configurations. For example all NR PUCCH PUSCH can be configured on one of the two carriers as in option 2a and 2b, and option 2a and 2b can be switched to each other by higher layer signalling. Option 2a can be used for the cell centre UEs. Then it is necessary to be possible to configure the different UE with different options.
And for the configuration, since the DL carrier is not changed, separately changing the UL transmission configuration is possible. And the UL transmission configurations are signaled to the UE by RRC signaling when the UE is connected, the change of UL transmission configuration can be handled by DL signaling. It is noted that this kind of PUSCH transmission reconfiguration seems not very frequent and doesn’t have to be that dynamic. Semi-static reconfiguration seems to be enough, and it is effective to configure UE to perform PUSCH transmission reconfiguration via MAC CE [4].
Proposal 2: The PUSCH transmission configuration and reconfiguration on both unpaired UL carrier and SUL carrier should be supported, and such configuration and reconfiguration can be done by MAC CE. 
SRS transmission
As SRS is needed to be transmitted on NR dedicated carrier frequency in order to support CSI measurement. And it is beneficial for NR downlink transmission with MIMO. In RAN1#89 meeting, it was agreed to support SRS transmission on UL carriers on different frequency ranges for non-simultaneous transmission UE. It seems that the issue of collision between NR SRS on high frequency and LTE/NR UL signals on the shared frequency is very similar with that in the Rel-14 LTE WI of SRS switching. Thus, reusing the solution in LTE Rel-14 SRS switching is a straightforward choice. E.g. the SRS switch can be done by DCI triggering, and the trigger and power control information of the SRS switching and transmission can be placed in the DCI contents as in LTE. 
Observation 2: For fast SRS switching among different UL carrier frequencies the LTE Rel-14 SRS switching mechanism can be considered as baseline for the design.
UE complexity for LTE-NR DC with UL sharing
In LTE-NR dual connectivity with UL sharing, a UE can transmit NR and LTE uplink signals on the carrier frequency of LTE uplink carrier frequency, and the UE can also transmit NR uplink signal on NR dedicated carrier frequency. Then for the UE, there will be NR UL baseband corresponding to two uplink carrier frequencies and one LTE UL baseband corresponding to its LTE signal on LTE uplink carrier frequency. 
From implementation perspective, several architecture candidates can be considered. 
· Option 1: LTE-NR shared RF chain 
NR and LTE uplink signals share the same RF chain including power amplifier and antenna on the shared uplink carrier frequency as depicted in Figure 2 option 1
· Option 2: LTE-NR shared PA and separate RF chain with 7.5 KHz RF shift
NR and LTE uplink signals share the same power amplifier and antenna but not the same RF chain. The 7.5 KHz shift is done on the RF part, where the frequency up converter is with a 7.5 KHz shift to that of the LTE frequency. 
· Option 3: LTE-NR shared PA and separate RF chain with 7.5 KHz baseband shift
NR and LTE uplink signals share the same power amplifier and antenna but not the same RF chain. The 7.5 KHz shift is done on the baseband part. 
From the UE implementation architecture, option 1 is with shared RF chain between the LTE and NR on the shared carrier frequency, which can be used for the LTE UL in the UE of LTE-NR DC without UL sharing. And then the RF extra cost for LTE-NR DC without UL sharing is almost the same as the LTE-NR DC without UL sharing. And then all the additional cost on top of LTE-NR DC without UL sharing is in baseband part. 
The switching time of the switch in the UE implementation architecture is at the level of hundred of ns, so the switch time can be ignored. 
Observation 3: The UE architecture for LTE-NR DC without UL sharing can support the LTE-NR DC with UL sharing from the UE perspective with minor increase of cost. 
Observation 4: All UE architectures can perform the LTE-NR dual connectivity, but the shared RF chain is with low cost, small chip size and lower power consumption
[image: ]    
(Option 1 LTE-NR shared RFIC with baseband 7.5 KHz shift.)
   [image: ]
(Option 2 LTE-NR shared PA separate RFIC with RF shift)
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(Option 3 LTE-NR shared PA separate RFIC and 7.5 KHz baseband shift)
Figure 5 illustrations of implementation options for UE in LTE-NR DC with UL sharing
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, TDM transmission between LTE and NR with UL sharing is mainly discussed in order to support single UL transmission in LTE-NR DC. The observations and proposals are given below:
Observation 1: LTE-NR DC with UL sharing can exploit the benefit of the NR without excessive GP overhead
· Reduced NR PDSCH to ACK/NAK latency
· Reduced NR UL grant to PUSCH latency
· Reduced NR CSI feedback latency
· Reduced NR DL overhead, e.g. due to UL scheduling with slot aggregation
Observation 2: For fast SRS switching among different UL carrier frequencies the LTE Rel-14 SRS switching mechanism can be considered as baseline for the design.
Observation 3: The UE architecture for LTE-NR DC without UL sharing can support the LTE-NR DC with UL sharing from the UE perspective with minor increase of cost. 
Observation 4: All UE architectures can perform the LTE-NR dual connectivity, but the shared RF chain is with low cost, small chip size and lower power consumption

Proposal 1: Support TDM between LTE PUSCH&PUCCH and NR PUSCH&PUCCH in LTE-NR DC with UL sharing.
Proposal 2: The PUSCH transmission configuration and reconfiguration on both unpaired UL carrier and SUL carrier should be supported, and such configuration and reconfiguration can be done by MAC CE. 
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