
[bookmark: _Ref124589705][bookmark: _Ref129681862]3GPP TSG RAN WG1 NR Ad Hoc Meeting	R1-1709980 
Qingdao, China, 27-30 June 2017

Agenda Item:	5.1.8
Source:	Huawei, HiSilicon
Title:	Subcarrier mapping for LTE-NR coexistence
Document for:	Discussion and decision

Introduction
[bookmark: _Ref129681832]In RAN Meeting #75, a new work item (WI) on new radio (NR) access technology was approved, which should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC). One objective of the WI is as follows:
	· 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 this contribution, the subcarrier mapping issue for LTE UL and NR UL within the bandwidth of an LTE component carrier is mainly discussed.
Discussion
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. The corresponding downlink carrier of 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 include SRS transmissions for better massive MIMO performance. On the LTE UL carrier, NR UL signal can be multiplexed with LTE UL signal via both TDM and FDM.
[image: D:\5G project\project work\Ran1 NR Ad Hoc Spokane 16-20 Jan 2017\内部提案\图片21.png]                            [image: D:\5G project\project work\Ran1 NR Ad Hoc Spokane 16-20 Jan 2017\内部提案\图片22.png]
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[bookmark: _Ref473909289]Figure 1 (a) NR DL carrier and UL shared carrier (b) NR TDD carrier and UL shared carrier
Focusing on the scenario where FDM is used to multiplex NR UL and LTE UL signals with the same subcarrier spacing (15 kHz), sub-carrier alignment between the two signals is the most straightforward and preferable solution in order to avoid inter sub-carrier interference (ICI) between NR and LTE, as shown in Figure 2.

[image: ]
Figure 2 subcarrier alignments between NR and LTE for LTE-NR UL sharing

[bookmark: OLE_LINK3]Without subcarrier alignment, it may be necessary to reserve some guard band between LTE UL and NR UL signals. The same considerations apply if a NB-IoT carrier occupies part of the bandwidth. The number of guard bands needed could become large if multiple disjoint portions of the UL bandwidth are occupied by LTE signals as with eMTC UEs scheduled in a frequency hopping manner. An analysis of the impact of misaligned subcarrier boundaries is provided in section 2.2.
Subcarrier alignment
The ICI issue can be completely avoided when subcarrier alignment between NR UL and LTE UL is ensured for the case that NR UL uses 15 kHz subcarrier spacing. There are multiple ways to attain this goal, depending on how RAN4 would define the uplink EARFCN for NR:
· [bookmark: OLE_LINK1]Alt 1: If LTE UL and NR UL are defined with the same center frequency (UL EARFCN): a 7.5 kHz shift should be applied to the NR UL SC-FDMA baseband signal generation as in LTE UL.
· Alt2: If LTE UL and NR UL are defined with different center frequencies offset by 7.5 kHz: the NR UL SC-FDMA baseband signal generation does not need to apply a 7.5 kHz shift.
Considering that in unpaired spectrum the DL and UL subcarriers of NR should preferably be aligned (e.g. in the case of the same subcarrier spacing), if NR DL and NR UL are defined with the same center frequency then both NR DL and NR UL should either apply a 7.5 kHz shift or not apply a shift. 
Based on the above principles, subcarrier mapping for NR in paired spectrum shared with LTE UL is illustrated in Figure 3, and subcarrier mapping for NR in unpaired spectrum is illustrated in Figure 4.
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Figure 3 subcarrier mapping for NR in paired spectrum shared with LTE UL

[image: ]
Figure 4 subcarrier mapping for NR in unpaired spectrum (or in paired spectrum with flexible duplexing)

Assuming that LTE UL and NR UL are defined with the same uplink centre frequency (UL EARFCN) in LTE bands, the 7.5 kHz shift can be implemented in baseband for NR UL and NR DL, just as what is done today in the LTE uplink with very low baseband complexity.
Observation 1: assuming LTE UL and NR UL use the same uplink center frequency (UL EARFCN), a 7.5 kHz shift can always be applied for NR UL baseband signal generation to ensure subcarrier alignment of LTE UL and NR UL using 15 kHz subcarrier spacing. When NR DL and NR UL use the same center frequency, the 7.5 kHz shift can always be applied for both NR UL and NR DL baseband signal generation.
One could additionally consider that shifting of 7.5 kHz is configurable for NR, or make this configuration possible for certain bands. While this would be feasible at baseband and offer additional flexibility for NR, having a fixed definition of the baseband signal generation seems sufficient for ensuring alignment of NR DL with NR UL subcarriers, and for alignment of NR UL and LTE UL subcarriers.
Proposal: Support subcarrier alignment between LTE UL and NR UL with 15 kHz subcarrier spacing. 
Note: It is expected that in unpaired NR bands, subcarrier alignment between NR DL and NR UL with same subcarrier spacing is supported.
For LTE UL, DC may be located on the centre between two sub-carriers. Both transmitter and receiver sides are impacted by Tx DC and Rx DC, respectively. The impact caused by Rx DC at receiver is much more severe than Tx DC at transmitter. However, more complexity can be afforded on the uplink receiver (gNB) thus the Rx DC issue can be almost eliminated resulting in no performance degradation. This is the main reason why no explicit DC subcarrier is defined in LTE UL. Although it is limited by UE complexity, the suppression techniques of UE Tx DC (e.g. DC calibration, DC offset adjustments) at UE side are quite mature in LTE so that the DC leakage by UE Tx DC has been very limited, as required in 3GPP TS 36.101 (Table 6.5.2.2.1-1), e.g. -25 dBc DC leakage. Because NR support both CP-OFDM and DFT-S-OFDM in uplink, it is interesting to know how much impact DC leakage can be on both waveforms, especially with two different DC locations, i.e. located 7.5KHz away from the subcarrier centre or on one subcarrier for 15KHz and 30KHz SCS. Here, link-level simulation results are provided to evaluate such impacts. The illustration of DMRS pattern and DC locations are depicted in Figure 5. Simulation assumptions are given in Table A1 in appendix. According to the curves in Figure 6-1/2/3/4/5/6 and Figure 7-1/2/3/4/5/6 for 15KHz and 30KHz respectively, it can be observed that the degradation of demodulation performance caused by DC distortion for UL is very limited regardless of the DC location. And UE transmitter DC impact on the uplink demodulation performance for different DC locations is almost the same for 30KHz and 15KHz SCS.
To further evaluate the impact of DC distortion on channel estimation when DC is placed on one of the DMRS REs, the instantaneous channel estimates of all the scheduled 25 RBs (relatively large DC power compared to the RS subcarrier power case) are shown in Figure A1-1/2 in the appendix. It can be observed that DC distortion would affect the channel estimation of DMRS RE with DC placed on when least square (LS) estimation is used. But after performing channel interpolation, e.g., wiener estimation, the affection is significantly reduced. Besides, the mean squared error (MSE) of frequency channel estimation is also evaluated and the corresponding results are shown in Figure A-3. The results also indicate that there is no critical impact on DC when subcarrier alignment between LTE UL and NR UL is achieved. 

Observation 2: UE transmitter DC impact on the uplink demodulation performance and channel estimation performance for different DC locations is almost the same in both cases of 15KHz and 30KHz SCS. 
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Figure 5. Illustration of DMRS pattern and different DC locations for 15KHz
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(a) QPSK 1/2                                                         (b) 64QAM 1/2
Figure 6-1. Impact of DC distortion (-25dBc) with 15KHz SCS for 1 RB of CP-OFDM
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(a) QPSK 1/2                                                        (b) 64QAM 1/2
Figure 6-2. Impact of DC distortion (-25dBc) with 15KHz SCS for 3 RBs of CP-OFDM
[image: ]                [image: ]
(a) QPSK 1/2                                                          (b) 64QAM 1/2
Figure 6-3. Impact of DC distortion (-25dBc) with 15KHz SCS for 25 RBs of CP-OFDM
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(a) QPSK 1/2                                                            (b) 64QAM 1/2
Figure 6-4. Impact of DC distortion (-25dBc) with 15KHz SCS for 1 RB of DFT-S-OFDM
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(a) QPSK 1/2                                                            (b) 64QAM 1/2
Figure 6-5. Impact of DC distortion (-25dBc) with 15KHz SCS for 3 RBs of DFT-S-OFDM
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(a) QPSK 1/2                                                            (b) 64QAM 1/2
Figure 6-6. Impact of DC distortion (-25dBc) with 15KHz SCS for 25 RBs of DFT-S-OFDM
[image: ]                     [image: ]
(a) QPSK 1/2                                                            (b) 64QAM 1/2
Figure 7-1. Impact of DC distortion (-25dBc) with 30KHz SCS for 1 RB of CP-OFDM
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(a) QPSK 1/2                                                                  (b) 64QAM 1/2
Figure 7-2. Impact of DC distortion (-25dBc) with 30KHz SCS for 3 RBs of CP-OFDM
[image: ]                        [image: ]
(a) QPSK 1/2                                                                    (b) 64QAM 1/2
Figure 7-3. Impact of DC distortion (-25dBc) with 30KHz SCS for 25 RBs of CP-OFDM
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(a) QPSK 1/2                                                                    (b) 64QAM 1/2
Figure 7-4. Impact of DC distortion (-25dBc) with 30KHz SCS for 1 RB of DFT-S-OFDM
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(a) QPSK 1/2                                                                    (b) 64QAM 1/2
Figure 7-5. Impact of DC distortion (-25dBc) with 30KHz SCS for 3 RBs of DFT-S-OFDM
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(a) QPSK 1/2                                                                    (b) 64QAM 1/2
Figure 7-6. Impact of DC distortion (-25dBc) with 30KHz SCS for 25 RBs of DFT-S-OFDM


Channel raster and SS raster discussion
To align the subcarrier of the LTE and NR, there could be some requirement of the channel raster for the NR. One example to describing the issue is as follows.
Let’s choose Band 5 of LTE as the example. Then the example will be that the uplink frequency range is 824-849. Then for the first 10MHz channel bandwidth for LTE, the centre frequency will be 829MHz, while if the SS is 900KHz, then the most possible SS frequency will be 828.9MHz, and then the distance between the SS frequency and the LTE carrier frequency is 100KHz, and then distance is not a multiple of 15KHz. and then the subcarrier will be misaligned between the NR and LTE. So this is an example that 900KHz cannot achieve the subcarrier alignment. And now if the channel raster of the NR is not in the middle, but the middle should be on one subcarrier, then the distance between the channel raster and the middle of the carrier will be multiple of SCS, then it will be also impossible that the subcarrier is aligned. For this case 100KHz channel raster or SS raster for the NR is preferred on the potential LTE-NR sharing UL frequency ranges.
Analysis in case of subcarrier misalignment
If NR UL and LTE UL subcarriers are not aligned, ICI between LTE UL and NR UL signals cannot be avoided. Although f-OFDM can be applied to each NR UE, no receiver filter can be adopted on LTE UEs since no impact is expected to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR. In this case, the only solution to suppress ICI is to deploy guard band between the two signals.
The number of guard bands needed could become large if multiple disjoint portions of the UL bandwidth are occupied by LTE signals, such as with eMTC UEs scheduled in a frequency hopping manner, or in case of the deployment of multiple NB-IoT carriers. The overhead will therefore increase with the number of boundaries between NR UL signals and LTE UL signals within the LTE UL carrier bandwidth.
If the subcarrier is not aligned between LTE and NR, then the scheduler has to consider the guard band restriction caused by the interference. This will cause extra system implementation optimization, and the legacy scheduler used for the LTE may cause sub-optimality in the overall system performance.
Link-level simulation results are provided to compare the performance between subcarrier alignment and misalignment and assess the amount of guard band that would be required to ensure meeting the requirements on interference caused to the adjacent PRB. The simulation assumptions for ICI evaluation are given in Table A2 in the appendix. In Figure 8-1/2/3/4, the demodulation performance of LTE UL with interference from NR UL is evaluated. It can be observed that 7.5KHz subcarrier misalignment between LTE UL and NR UL with 15KHz SCS would endure notable performance degradation, i.e. almost 3dB when NR is with 64QAM and INR (interference to noise ratio) is at the corresponding working point, compared with the case of subcarrier alignment. Although such performance loss can be reduced by deploying guard band, when NR UL uses larger power such as 10dB higher than the working point of the selected NR MCS due to inaccurate UL power control, the performance loss from subcarrier misalignment would reach 4dB. As for the case of NR UL with 30KHz SCS, the results also imply that that case of NR with 7.5KHz shift performs much better than the case without shift. 
[image: ] [image: ] [image: ]
(a) NR with QPSK 1/2             (b) NR with 16QAM 1/2              (c) NR with 64QAM 1/2
Figure 8-1 Impact on demodulation performance of subcarrier mapping with 15KHz SCS
(INR is at NR’s work point)
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(a) NR with QPSK 1/2             (b) NR with 16QAM 1/2              (c) NR with 64QAM 1/2
Figure 8-2 Impact on demodulation performance of subcarrier mapping with 30KHz SCS
(INR is at NR’s work point)
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(a) NR with QPSK 1/2             (b) NR with 16QAM 1/2              (c) NR with 64QAM 1/2
Figure 8-3 Impact on demodulation performance of subcarrier mapping with 15KHz SCS
(INR is at NR’s work point + 10dB)
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(a) NR with QPSK 1/2             (b) NR with 16QAM 1/2              (c) NR with 64QAM 1/2
Figure 8-4 Impact on demodulation performance of subcarrier mapping with 30KHz SCS
(INR is at NR’s work point + 10dB)
[bookmark: OLE_LINK2]Observation 3: No performance loss for LTE legacy UE is observed when the subcarrier of LTE and NR is aligned and NR is using 15 KHz SCS, while without subcarrier alignment some performance degradation of LTE may be incurred due to inaccurate NR UL power control at high MCS. Similar trends are observed if NR UL uses 30 kHz SCS.

From the simulation result in Figure 9, it can be seen that at least one PRB for the guard band would be needed to avoid the ICI due to subcarrier misalignment and to ensure no impact on the performance of LTE uplink throughput. According to section 6.5.2.3 in [2], the guard band will be 1 RB for QPSK and 16QAM, 2 RB for 16QAM and more than 3 RBs for 64QAM modulation if the inband emission target is matched. 

[image: ]              [image: ]
Figure 9 inter subcarrier interference due to subcarrier misalignment

[bookmark: _GoBack]Observation 4:  More than one PRB guard bands are needed for each boundary between LTE uplink signals and NR uplink signal in case LTE UL subcarriers and NR UL subcarriers are not aligned (15 kHz subcarrier spacing).
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the subcarrier mapping issue for LTE UL and NR UL within the bandwidth of an LTE component carrier was discussed and the proposals are given below:
Observation 1: Assuming LTE UL and NR UL use the same uplink center frequency (UL EARFCN), a 7.5 kHz shift can always be applied for NR UL baseband signal generation to ensure subcarrier alignment of LTE UL and NR UL using 15 kHz subcarrier spacing. When NR DL and NR UL use the same center frequency, the 7.5 kHz shift can always be applied for both NR UL and NR DL baseband signal generation.
Observation 2: UE transmitter DC impact on the uplink demodulation performance and channel estimation performance for different DC locations is almost the same in both cases of 15KHz and 30KHz SCS. 
Observation 3: No performance loss for LTE legacy UE is observed when the subcarrier of LTE and NR is aligned and NR is using 15 KHz SCS, while without subcarrier alignment some performance degradation of LTE may be incurred due to inaccurate NR UL power control at high MCS. Similar trends are observed if NR UL uses 30 kHz SCS.
Observation 4:  More than one PRB guard bands are needed for each boundary between LTE uplink signals and NR uplink signal in case LTE UL subcarriers and NR UL subcarriers are not aligned (15 kHz subcarrier spacing).

Proposal: Support subcarrier alignment between LTE UL and NR UL with 15 kHz subcarrier spacing. 
Note: It is expected that in unpaired NR bands, subcarrier alignment between NR DL and NR UL with same subcarrier spacing is supported.
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Appendix
Table A1. Simulation assumptions for DC evaluation
	Parameter 
	Value

	Carrier frequency
	2GHz

	FFT Size
	512

	Subcarrier space
	15 kHz, 30 kHz

	Cyclic prefix
	Normal

	Waveform
	CP-OFDM, DFT-S-OFDM

	Antenna configuration
	1*2 ULA low correlation

	Channel estimation
	Wiener (Granularity is 1RB)

	Propagation channel
	TDL-C 300ns

	Number of PRBs
	1, 3, 25

	HARQ
	Disable

	MCS
	QPSK 1/2, 64QAM 1/2

	Receiver
	MMSE

	DC distortion power
	25dB lower than signal power [2]

	DMRS pattern
	[image: ]



Table A2. Simulation assumptions for ICI evaluation 
	Parameter 
	Value

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz, 30 kHz

	Cyclic prefix
	Normal

	Waveform
	LTE & NR: DFT-S-OFDM

	Antenna configuration
	1*2 ULA low correlation

	Propagation channel
	TDL-C 300ns

	Number of PRBs for PUSCH 
	LTE 1PRB,  NR 6PRBs

	MCS for LTE
	64QAM 1/2

	MCS for NR
	QPSK 1/2, 16QAM 1/2, 64QAM 1/2

	Misalignment offset
	0 kHz, 7.5 kHz
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(a) DC on DMRS with 0KHz offset for 15KHz SCS                        (b) DC on DMRS with 7.5KHz offset for 15KHz SCS
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(c) DC on DMRS with 0KHz offset for 30KHz SCS                      (d) DC on DMRS with 7.5KHz offset for 30KHz SCS
Figure A-1. Instantaneous channel estimates with SNR = 7dB
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(a) DC on DMRS with 0KHz offset for 15KHz SCS                        (b) DC on DMRS with 7.5KHz offset for 15KHz SCS
[image: ]                      [image: ]
(c) DC on DMRS with 0KHz offset for 30KHz SCS                      (d) DC on DMRS with 7.5KHz offset for 30KHz SCS
Figure A-2. Instantaneous channel estimates with SNR = 20dB
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(a) DC on DMRS with 0KHz offset for 15KHz SCS                        (b) DC on DMRS with 7.5KHz offset for 15KHz SCS
[image: ]                                       [image: ]
(c) DC on DMRS with 0KHz offset for 30KHz SCS                      (d) DC on DMRS with 7.5KHz offset for 30KHz SCS
Figure A-3. Channel estimation mean squared error (MSE) with SNR = 7dB.
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