
3GPP TSG RAN WG1 Meeting NR#3
R1-1715429 
Nagoya, Japan, 18 – 21 Sept. 2017
Agenda Item:
6.6
Source:
Huawei, HiSilicon

Title:
Discussion on the remaining issues of LTE-NR DC and UL coexistence
Document for:
Discussion and decision

1 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 [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 RAN1#90 [4], more details on single UL transmission were agreed as follows
	Agreements:
· 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), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers

· For LTE carrier, UE can be configured with 

· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 

· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied

· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration

· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact

· Case 2: Release 15 LTE-FDD HARQ timing

· No impact on LTE RAN1 specifications

· Note: it doesn’t necessarily imply that UE has to support both cases


In this contribution, some remaining issues of LTE-NR dual connectivity and UL coexistence are mainly discussed. First, the UL resource allocation for LTE-NR DC with UL sharing is provided to improve the resource utilization for single Tx UEs. Then, the PUCCH resource collision issue is identified and possible solutions are given. In addition, the implementation issues including UE architecture and 7.5KHz UL shift are discussed. 
2 Discussion
2.1 LTE-NR dual connectivity mode prioritized in Rel-15

All the early NSA scenarios shall be based on the prioritized LTE-NR dual connectivity options, i.e. EN-DC option 3/3A/3X, as this is a realistic deployment that operators would consider at the very beginning:
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The above architecture would only require one CN, i.e. EPC only for option 3/3A/3X. Consequently there is no UE in the NR cell which would directly connect to the CN. In other words, the UE always uses the LTE control plane to connect to the EPC and there is no NR standalone UE under such deployment. 

In summary it can be assumed that under such deployment, all UEs are LTE-NR DC capable and once DC is configured, these UEs would always work in DC mode.

Conclusion 1: all the UEs support LTE-NR dual connectivity under EN-DC deployment.

In the following agreement [3], scenario 2 is referring to the second scenario as following [5]
	Agreements:

· RAN1 should consider the following scenarios as listed in R1-1711817 in the future Rel-15 work especially in terms of UL coverage

· Scenario 1

· Scenario 2 where UL sharing is from network perspective

· FFS where UL sharing from UE perspective

· Aim to conclude in the next meeting; if no consensus, consider sending an LS to RANP for clarification

· Scenario 3


	· Scenario #1 : 

· DC LTE @ Low Frequency (LF) + NR @ 3.5G
· Concept: LTE PUSCH/PUCCH LF, NR PUCCH 3.5G, NR PUSCH 3.5G configurable

· Scenario #2:

· DC LTE@LF + NR@3.5G + NR@LF SUL with UL sharing
· NR and LTE are collocated 

· Concept: LTE band uses LTE/NR UL sharing 

· Note: this scenario is potentially beneficial for reducing latency

· Scenario #3: 

· DC LTE@LF1 + NR@ multiple bands (e.g. LF2 and 3.5G)
· NR and LTE are collocated 

· Concept: NR CA from 3.5G to LF2

· Note: this scenario is potentially beneficial for reducing latency


Scenario#1 is the conventional dual connectivity case where NR is in a new band with very dense deployment. However some bands combinations are difficult for UEs to use with simultaneous uplink due to IMD or harmonic issues, e.g. 1.8GHz +3.5GHz dual connectivity might have serious self interference up to around 30dB. Therefore Scenario#1 cannot be used in all cases. Due to similar reasons, Scenario#3 also has such limitations.

RAN1 agreed to support Scenario#2 from network perspective. Thus in the case where a single uplink carrier is available in the low frequency 2 (LF2), based on Observation 1, as long as the network supports LTE-NR UL sharing then UEs would have to be capable of transmitting NR UL at the same UL frequency as the LTE UL. In addition, using one single UL transmission at a time can also solve the IMD issue and can be helpful for all the affected band combinations, and that would be a typical way of multiplexing NR UL and LTE UL in the same carrier for those UEs. 

Conclusion 2: with UL sharing from network perspective, the UE shall also support UL sharing if there is just one uplink carrier available for UL sharing between LTE and NR in the low frequency range.

Scenario#2 can be extended into several cases. 

Case1: EN-DC with SUL
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Figure 1(a) Illustration of Case 1

The above Figure 1(a) shows an example of using SUL, with two different UE configurations. For case 1-1 LTE is anchored on 800MHz as PCell and has another DL carrier on 1.8GHz as SCell, while NR is using 3.5GHz carrier but when the coverage is limited a NR UE can also use 1.8GHz SUL as a complementary access for UL transmission.  Case 1-2 exchanges the frequencies of LTE PCell and NR SUL.

By doing so, the 3.5GHz DL capacity can be maximized as the UL traffic is offloaded to low frequency. At the same time the UL coverage is significantly improved by configuring the PUSCH/PUCCH at low frequency. Another benefit is the latency, when the UL NR PUSCH/PUCCH is configured and used on 1.8GHz, the HARQ latency is obviously reduced: unlike 3.5GHz TDD ACK/NACK, every 1.8GHz UL subframe is available for ACK/NACK.

It is also worth mentioning that such configuration does not have significant impact on LTE performance as LTE has a different anchor band than the SUL band: in the above example when LTE has the anchor band 800MHz and the 1.8GHz DL is only used as a SCC, even if 1.8GHz UL is used by NR, the original HARQ process and data throughput from LTE side would not be impacted.

However, in order to limit UL sharing to the network perspective and avoid UL sharing from the UE perspective as shown in case 1, an operator would have to configure two LTE PCells for different UEs in different bands, which poses challenges for ensuring the same coverage at 800 MHz and 1.8 GHz.

Case 2: EN-DC with SUL and UL sharing from UE perspective
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Figure 1(b) Illustration of Case 2
Compared with Case 1, Case 2 does not require multiple carriers for LTE. The SUL used by NR can be the same as LTE carrier, e.g. 800MHz is the LTE Pcell carrier for all LTE/NR DC UEs and at the same time is used as the SUL for NR. This case would be useful when operators have spectrum and coverage limitations for some existing LTE bands.

Although operators might have multiple frequency bands for LTE deployment already, the coverage for these bands varies much. For instance, operators might have ubiquitous coverage on 700MHz/800MHz, but for 1.8GHz the number of sites might not be sufficient due to the difficulties of finding new candidate sites with higher density. Therefore in practice not all LTE frequency bands  show equal coverage in some areas, LTE 800MHz takes around 15%- 30% traffic handling where no LTE 1.8GHz is present. 

Besides the benefits from the above, SUL with UL sharing also has the benefits mentioned from Case 1, i.e. coverage enhancements, NR 3.5GHz DL capacity improvement and lower latency, and improves the resource utilization of LTE FDD UL. In today’s LTE network, the utilization of UL and DL is quite asymmetric and from the statistics of the existing network, the UL utilization ratio is much lower than the DL which leads to a huge waste of spectrum resources. To allow UL sharing between LTE and NR can significantly increase the utilization of the allocated spectrum. 

Based on the above, both Case 1 and Case 2 are practical for the network deployment and shall be considered within Rel-15 to address different operators’ requirements. Therefore, similar as observation 2, UL sharing from UE perspective with LTE UL and NR UL on the same carrier should also be supported even in cases where operators have multiple LTE bands available in low frequency ranges.

Conclusion 3: with UL sharing from network perspective, the UE shall also support UL sharing even if there is more than one uplink carrier available for UL sharing between LTE and NR in the low frequency range.

Based on above analysis, we can have the following observation.
Observation 1: “Scenario 2 where UL sharing is from network perspective” is exactly equal to “Scenario 2 where UL sharing is from UE perspective”.
2.2 TDM transmission with and without UL sharing
According to current agreements, UE would operate on only one UL carrier at a given timing in LTE-NR DC scenario. There are two possible TDM solutions to achieve single UL transmission for LTE-NR DC UEs. 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 transmitted 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 2(a), 8 subframes within a frame are allocated to LTE and the remaining ones are allocated to NR. When LTE-FDD n+4 HARQ timing is used, 2 subframes of LTE DL resources cannot be used for PDSCH transmission owing to the lack of UL feedback resources. And in Figure 2(b), when proper reference UL/DLconfiguration is used for HARQ feedback, then all downlink subframes can be used for downlink data scheduling for the same UE. For NR side, a pattern may be indicated to the UE for the blank resources which are allocated to LTE. In NR, the reserve resource mechanism can be used for this purpose.
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Figure 2(a) Subframe-level TDM in UL sharing without HARQ bundling for LTE FDD
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Figure 2(b) 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 3 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. For the NR side, the same mechanism as option 1 can be used, i.e. reserve resource mechanism can be used to indicate the UE which subframes are reserved, and the reserved subframes can be used for LTE transmission.  
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Option 2a
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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 3 TDM with UL sharing
 Observation 2: 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: Reserve resource mechanism should support TDM between LTE PUSCH&PUCCH and NR PUSCH&PUCCH in LTE-NR DC with UL sharing.
2.3 Resource configuration for NR PUSCH&PUCCH

For UE in connected mode, there would be two available UL carriers to transmit UL signals. Due to the inter-modulation effect between 1.8GHz and 3.5GHz carrier frequencies, UE would not support simultaneous dual UL transmission on both UL carriers though both the two UL carriers are available for UE to transmit PUSCH. Note that, UE can be dynamically scheduled on either of the two UL carriers for PUSCH transmission via DCI signaling. But the processing timing between being informed for UL carrier switching and completing carrier switching cannot be neglected, which makes the UE not support dynamical change of carrier for PUSCH transmission. Thus before UL transmission, the UE should be configured in which subframe and on which carrier the UE can transmit its PUSCH or PUCCH. 

Due to different benefit of using shared UL carrier frequency as the transmission carrier for PUSCH and PUCCH, separate resource configuration for PUSCH and PUCCH needs to be supported. 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 as shown in Figure 3. 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 above Figure 2.
In option 2a and 2b, the NR PUCCH and PUSCH on different carriers can be configured by the gNB. And the switching can be done via 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. Thus such configuraition is preferred to be UE-specific in order to allow different UEs to be configured 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.
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. 
2.4 HARQ timing of LTE FDD carrier

In the last RAN1 meeting, two cases for HARQ timing of LTE FDD carrier were agreed. Obviously, by adopting the HARQ timing in case 1 (the same timing as LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell), all downlink subframes can be utilized for PDSCH transmission for DC UE as shown in Figure 2(b). In particular, the UE is required to be configured with a DL-reference UL/DL configuration, and for each configuration, the maximum RTT time is listed in the following table.

Table I. Maximum RTT time for case 1
	DL-reference UL/DL configuration
	Maximum RTT time (ms)

	0
	10

	1
	11

	2
	12

	3
	15

	4
	16

	5
	17

	6
	12


Although the RTT time for case 1 is larger than that of legacy LTE FDD (8 ms), specifically for configuration#0, the latency is not increased in a large scale. But it is possible to do some optimization to reduce the latency which is discussed below.
2.4.1  HARQ timing optimization for LTE FDD
To reduce the latency degradation for LTE-NR DC UEs in single transmission mode, a possible solution can be introducing the n-3 HARQ timing from LTE sTTI to DC UEs. As shown in the following figure, all even UL subframes in each frame are retained for LTE UL transmission, and an even UL subframe#n can feedback the ACK/NACK that corresponds to DL subframe#(n-4) and subframe #(n-3). In this case, all DL subframes can be used for PDSCH transmission for the UE, and the maximum RTT time is 8 ms which is the same as that of LTE FDD. Namely, there would not be latency degradation for LTE-NR DC UE compared with legacy LTE FDD UE.

It is necessary to mention that in current Rel-15 LTE sTTI, there would be a collision if a UE is required to perform both n-4 and n-3 feedback in the same UL subframe and the UE would drop one of the two ACK/NACK. As a result, there would be some restriction for DL scheduling for DC UE, i.e., one UE cannot be scheduled to receive PDSCHs in two consecutive subframes. But potential enhancement such as HARQ bundling or multiplexing can be made to avoid such scheduling restriction and make DL scheduling more flexible.
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Figure 4 A/N feedback with latency reduction.

2.4.2 PUCCH resource collision
For legacy FDD UEs, implicit PUCCH format 1a/1b resources are allocated according to a pre-defined rule which is related to the first CCE index in the corresponding DL subframe. While for LTE-NR DC UEs, the PUCCH resource would be allocated according to the configured DL-reference UL/DL configuration which is different from that for legacy FDD UEs. Thus, PUCCH resource collisions may happen between FDD UEs and DC UEs. 

An example is given in the following Figure 5(a) and 5(b). In Figure 5(a), a FDD UE is scheduled to receive PDSCH in subframe 4, and it would feedback ACK/NACK (A/N) in subframe 8. And in Figure 5(b), a DC UE is scheduled to receive PDSCH in subframe 2, and it would also feedback A/N in subframe 8. According to current implicit PUCCH resource determination rules in TS 36.213, when the same index of first CCEs are used by the gNB to schedule the FDD UE and DC UE, then the obtained PUCCH resource by both the two UEs would be the same, thus resulting in PUCCH resource collision.
Observation 3: There can be PUCCH resource collision between LTE-FDD UE and LTE-NR DC UE with DL-reference UL/DL configuration. 
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Figure 5(a). A/N feedback for legacy FDD UE.
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Figure 5(b). A/N feedback for DC UE.

2.5 Implementation of 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, the following architectures can be considered. 

· Option 1: LTE-NR shared RFIC

NR and LTE uplink signals share the same RFIC, power amplifier and antenna on the shared uplink carrier frequency as depicted in Figure 6 option 1

· Option 2: LTE-NR shared PA and separate RFIC with 7.5 KHz RF shift

NR and LTE uplink signals share the same power amplifier and antenna but not the same RFIC. 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 RFIC with 7.5 KHz baseband shift

NR and LTE uplink signals share the same power amplifier and antenna but not the same RFIC. 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. 
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 hundreds of ns, so the switch time can be ignored. 
All of the options can fulfil that 7.5 KHz shift to allow the subcarrier alignment between LTE and NR on the shared uplink. However there are some differences among the options. For an early implementation, both option 2 and 3 can be considered, where LTE and NR at UE side is not integrated tightly. For the lower carrier frequency, there are two RFICs, which will certainly increase the UE cost in a long term.

Using two RFICs can allow the 7.5 KHz shift to be done on base band or RF part, but from the cost perspective one RFIC is the with benefit of low cost, small chip size and low power consumptions which is option 1. And option 1 only use baseband shift. 

Then from the specification perspective, it should allow a low cost, small chip size, and low power consumption solution for the UE architecture. And this consideration is also from a forward compatibility point of view. 
Observation 4: Three UE architectures can perform the LTE-NR dual connectivity, and the shared RFIC between LTE and NR is with low cost, small chip size and lower power consumption.

Proposal 3: Baseband shifting of 7.5 KHz should be supported to allow RFIC sharing in a UE for LTE-NR DC, which is obviously beneficial to UE implementation in term of cost, chip size and power consumption.
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(Option 1 LTE-NR shared RFIC with baseband 7.5 KHz shift.)
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[image: image15.png]&PA@L&GHI APA@s.sGHz

Switch

RF other
band

RF@
1.8GHz

3 N

{Lte | LteEEB NRBBASIC NR |
Modem | ASIC L | winBB7SKHZSNT | yodem!
; [ ;

Toireh * ~ Ts (Ts = 32.5 ns)

Larger size & higher complexity
NR with 7.5 kHz baseband shift




(Option 3 LTE-NR shared PA separate RFIC and 7.5 KHz baseband shift)

Figure 7 illustration of implementation options for UE in LTE-NR DC with UL sharing

One issue needs to be considered is the up-converters at the RFIC. In option 1, the same PLL (phase lock loop) is used for both NR and LTE signal. In RAN1 Ad-Hoc#2 meeting it is agreed that the subcarrier alignment can be achieved using scheme 2 for LTE and NR subcarrier on the shared UL carrier frequency as indicated in the following agreements [3]. And in RAN4#84 meeting, it is agreed that channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)[7].
	Agreements:

· In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
· Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL

· Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster 

· Send an LS to RAN4  - Ralf (AT&T)


Although the raster is allowed to be 7.5 KHz shift to the LTE UL raster, this is not implicating that the 7.5 KHz shift is done in the RF part or in baseband. Shifting the baseband signal by 7.5 KHz is possible while at the same time keeping the raster 7.5 KHz away from the LTE carrier raster. This function can be performed as some minor modification of the baseband signal generation part as follows.

	The time-continuous signal 
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 and subcarrier spacing configuration 
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 for OFDM symbol 
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 in a subframe is defined by
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        (alternative 1)

Or
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                   (alternative 2)

where 
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and the starting position of OFDM symbol 
[image: image26.wmf]l

 for subcarrier spacing configuration 
[image: image27.wmf]m

in a subframe is given by



[image: image28.wmf](

)

ï

î

ï

í

ì

×

+

+

=

=

-

-

otherwise

0

0

s

1

CP,

u

1

,

start

,

start

T

N

N

t

l

t

l

l

l

m

m

m


where



[image: image29.wmf]m

m

m

m

m

k

k

k

k

k

2

otherwise

2

144

7

or 

 

0

 

and

prefix 

 

cyclic

 

normal

16

2

144

prefix

 

cyclic

 

extended

2

512

2

2048

,

u

×

ï

î

ï

í

ì

×

=

=

+

×

×

=

×

=

-

-

-

-

l

l

N

N

l

CP


For PRACH


[image: image30.wmf]ë

û

é

ù

2

2

L

K

L

K

=

=

+

-


Note: the significance of the variables can be referred to [5].


And the baseband shift has low complexity because the shift is just multiplication of a phase rotation with the generated baseband signal without the shifting. 

For the above shifting method of alternative 1 and 2, alternative 1 is preferred, because, this will make it the same as LTE and there will be no additional fixed phase shifts for LTE or NR for each subcarrier, and then reduce the cost of eNB. However, for alternative 2, if the 7.5kHz shift is removed as in LTE, then, there will be a constant phase shift for all the subcarriers for each OFDM symbol, then one additional phase shift removal will be required for the NR. Or if receiver carrier is aligned with the raster with 7.5 kHz shift, then the additional operation is required for LTE. So alternative 2 require additional subcarrier based phase rotation for LTE or NR at the base station receiver if the UL signal is jointly processed in the base station. 
3 Conclusion

In this contribution, details on the scenario that UEs are configured with multiple UL carriers on different frequencies for LTE-NR dual connectivity are discussed. The following observations and proposals are given:
Observation 1: “Scenario 2 where UL sharing is from network perspective” is exactly equal to “Scenario 2 where UL sharing is from UE perspective”.
Observation 2: 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 3: There can be PUCCH resource collision between LTE-FDD UE and LTE-NR DC UE with DL-reference UL/DL configuration. 
Observation 4: Three UE architectures can perform the LTE-NR dual connectivity, and the shared RFIC between LTE and NR is with low cost, small chip size and lower power consumption.
Proposal 1: Reserve resource mechanism should 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. 
Proposal 3: Baseband shifting of 7.5 KHz should be supported to allow RFIC sharing in a UE for LTE-NR DC, which is obviously beneficial to UE implementation in term of cost, chip size and power consumption.
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