
[image: image1.emf]Packet arrive

DL transmission

Packet ready to transmit UE receives

BS processing 

Frame alignment

TTI

UE decodes

UE Processing

One-way latency

3GPP TSG RAN WG1 Meeting #92bis
R1-1804292
Sanya, China, April 16th – April 20th, 2018

Agenda Item:
7.1.3.3.7
Source:
Huawei, HiSilicon

Title:
Support of 60 kHz subcarrier spacing
Document for:
Discussion and decision

1 Introduction
This paper mainly discusses the support of 60 kHz SCS, considering low latency aspects in TDD, performance in various channel conditions, and coexistence of eMBB and URLLC. 60kHz SCS provides much shorter achievable latency than 30kHz in sub-6GHz, as well as better performance in high speed scenario. According to [1], support of sub-carrier spacing is baseband processing capability; therefore, it should be perfectly ok for a UE that can support 60 kHz for mm Wave to support it in 1G-6GHz. In addition, according to [4], forward compatibility-related features should be mandatory. As 60kHz is essential for forward compatibility w.r.t. future deployment of URLLC, it makes sense to mandate the support of 60 kHz SCS for 1GHz~6GHz. 
2 User plane latency analysis considering 60 kHz SCS
The number of DL/UL switching points in a UL/DL switching periodicity is discussed and the following agreements were achieved in RAN1:

Agreements:

· The single slot format table supports up to two D/U switching points per slot 
· Zero switching point: 14 DL symbols, or 14 unknown symbols, or 14 UL symbols.

· One D/U switching point of all combinations: Start with zero or more DL symbols, end with zero or more UL symbols, and with unknown symbols in between, where there is at least one unknown symbol and one DL or UL symbol.

· Two D/U switching points within a slot: The first 7 symbols start with zero or more DL symbols, ends with at least one UL symbol at symbol #6 with zero or more unknown symbols in between. The second 7 symbols starts with one or more DL symbols and ends with zero or more UL symbols with zero or more unknown symbols in the middle. 

· Note: This single slot format table will be captured in RAN1 spec. In Rel.15, RAN1will specify up to X<[256] entries, but the RRC signaling need to consider future compatibility with more entries and from RAN1 perspective, a total of [256] entries in the RRC signaling is necessary (with only X entries specified in Rel-15 in RAN1)

Agreements:

· For the UE-specific higher layer signaling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signaling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL resource allocation periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL resource allocation periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signaling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL resource allocation periodicity. 

In TDD, latency of a one-way transmission consists of the following factors as shown in Figure 1: BS processing, frame alignment, TTI and UE processing. We consider the frame structure in Figure 1 for analysis. The considered 30 kHz bandwidth part can be used to transmit SSB as well, as there are four or more DL symbols configured consecutively.
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Figure 1 One way latency in DL
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Figure 2 Slot format for 30kHz SCS and 60kHz SCS considering SS block pattern for URLLC
It is noted that 0.5ms user plane latency is required in URLLC, and we provide analysis based on this requirement. BS processing time and UE processing time are heavily implementation dependent. In Table 1, we compare 60 kHz and 30 kHz numerologies for different possible TTI lengths. Normal CP symbol length assumed for TTI length and delay. Frame structure in Figure 2 is assumed to calculate the worst frame alignment delay. It is noted that for DL transmission and Grant Free UL transmission, the analysis and results are exactly the same, as GF UL and DL does not involve any handshake procedures. So here we only provide the analysis for DL. Only PDSCH mapping Type B is considered as for PDSCH mapping Type A, its PDCCH can only be sent at the beginning of a slot, which increases the frame alignment latency easily.
The calculation of the worst case frame alignment latency is described below. Right after BS processing, if there is insufficient symbols to transmit the PDSCH, BS has to hold the data until there are sufficient symbols. Take 30kHz 2OS TTI length for example. In figure 2, right after BS processing, there are only 1.9OS left, then BS needs to hold until the DL symbols in the next slot is available. Here, the frame alignment latency is therefore 10OS. Similarly, we can derive the worst case frame alignment latency for other SCS and PDSCH mapping Type B TTI configurations. The results are shown in Table 1, where the time budgets of BS+UE processing for each case are also listed. 
Table 1:  Time budget for BS + UE processing with worst frame alignment delay in TDD
	
	30kHz SCS
	60kHz SCS

	(1). 0.5ms (OS)
	14
	28

	(2). TTI length (OS)
	2
	4
	2
	4
	7

	(3). Worst frame alignment delay (OS) 
	10
	12
	14
	16
	19

	(4). Budget for BS + UE (OS) 
= (1) – (2) – (3)
	2
	-2
	12
	8
	2


From Table 1, it can be seen that the budget left for 30kHz 2OS is as short as 2OS, which is even shorter than the most aggressive processing time ever proposed for 30kHz. As a result, it is not possible to support 0.5ms one-way latency with 30kHz SCS in TDD all the time. When BS processing time and UE processing time are considered, the latency for 30kHz SCS can easily go beyond 0.5ms. For 60kHz SCS, time budget left for 7OS is quite short. However, 2OS and 4OS would be OK. As a result, 60kHz SCS with TTI length shorter than 7OS would meet the 0.5ms one-way latency as required all the time.
In FDD, we can also provide similar analysis. In FDD, frame alignment latency comes from the fact that the entire PDSCH should be allocated within a slot. Whenever there are insufficient symbols to allocate PDSCH near the end of a slot boundary, BS has to wait until the DL symbols in the next slot. This frame alignment time is equal to the TTI length. The time budgets for BS + UE processing considering for various configurations are listed in Table 2.
Table 2: Time budget for BS + UE processing with worst frame alignment delay in FDD 
	
	30kHz SCS
	60kHz SCS

	(1). 0.5ms (OS)
	14
	28

	(2). TTI length (OS)
	2
	4
	2
	4
	7

	(3). Worst frame alignment delay (OS) 
	2
	4
	2
	4
	7

	(4). Budget for BS + UE (OS) 
= (1) – (2) – (3)
	10
	6
	24
	20
	14


From Table 2, it can be seen that for 30kHz 4OS, the budget left for BS and UE processing is very challenging. The UE processing time for 30kHz 4OS is not discussed yet. However, as long as UE processing time is longer than 3OS, the remaining time budget left for BS is shorter than 3OS. For 60kHz SCS, the time budget left for BS and UE are loosened. For 60kHz 7OS, as long as BS/UE processing time is no longer than TTI length, 0.5ms requirement can be met all the time.
According to the analysis, we have: 

Observation 1: 
· In TDD, 30kHz SCS cannot satisfy 0.5ms one-way latency all the time. 60kHz SCS with TTI length smaller than 7OS is able to satisfy 0.5ms one-way latency all the time. 

· In FDD, 30kHz SCS with TTI length no shorter than 4OS cannot satisfy 0.5ms one-way latency all the time. 60kHz SCS with TTI length no longer than 7OS can satisfy 0.5ms one-way latency all the time.
3 Performance considering 60 kHz SCS
3.1 URLLC performance
In [2] and [3], it was discussed why 60 kHz 7-symbol non-slot is preferred to meet latency and reliability requirement for URLLC transmission. We propose that for data transmission, 60 kHz SCS should be chosen as default for URLLC transmission. 

3.1.1 Link level simulation results

We first provide link level simulation results comparing the performance of 60 kHz and 30 kHz in FDD with the same number of symbols in Figure 3. For all simulations, URLLC packet size is 32 bytes with 1/3 code rate. 7-symbol TTI is assumed for both 60 kHz and 30 kHz. Other key simulation assumptions are listed in Table 4. From the results, it can be observed that in order to reach 10-5 BLER, the required SNR for 60 kHz is lower than that for 30 kHz. The reason that 60 kHz outperforms 30 kHz significantly is that more transmission opportunities within 1ms are available for a packet transmitted in case of 60 kHz. Under the UE/BS processing latency assumptions listed in Table 1, for 60 kHz 7-symbol, the maximum number of HARQ transmissions of a packet is 2, while for 30 kHz 7-symbol, the maximum number of HARQ transmission is 1. Considering the fact that the URLLC KPI would also need to be met at cell edge where low SNR can be observed, it is preferable to configure 60 kHz SCS for URLLC UE so that adequate transmission opportunities can be realized to meet URLLC KPI.
Observation 2: Higher SNR is required for 30 kHz 7-symbol to meet URLLC KPI when compared with 60 kHz 7-symbol which can be critical for operation of cell-edge URLLC UE.
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Figure 3
Performance comparison between 30 kHz 7-symbol and 60 kHz 7-symbol from link-level simulations
Table 4
Link level simulation assumptions
	Bandwidth
	20MHz

	Subcarrier space
	30 kHz，60 kHz

	URLLC TTI
	7symbol

	Rank
	1

	Tx/Rx
	2X2

	Channel Model
	TDL-C 300ns

	Max HARQ
	30 kHz: 1
60 kHz: 2

	URLLC data rate
	1 packet/TTI

	URLLC data size
	QPSK 32byte 1/3 code rate

	AMC
	OFF


3.1.2 System level simulation results

Then we provide the system simulation results comparing the 30 kHz 7-OS scheme and 60 kHz 7-OS scheme, as shown in Figure 4. URLLC packet size is 32 bytes with and arriving rate of
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, and AMC is adopted for better link adaption. Meanwhile, to reduce the simulation time, the target BLER is set as 1e-3, and similar results can be expected in the case of target BLER = 1e-5. Detailed simulation assumptions are given in Appendix A. From the results, it can be observed that the achieved URLLC capacity, i.e., the total transmission rate of users satisfying both the reliability and latency requirements, can be increased greatly in case of 60 kHz SCS. The performance gain over 30 kHz SCS is 31.2%, and mainly resulted from the more transmission opportunities due to smaller TTI length and gNB/UE processing time.
Observation 3: 60 kHz 7-symbol provides significant capacity gain over 30 kHz 7-symbol due to the increased number of transmissions via shorter TTI length and shorter processing delay.
Proposal 1: 60 kHz SCS should be adopted as the default SCS for URLLC transmission.
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Figure 4
Performance comparison between 30 kHz 7-symbol and 60 kHz 7-symbol from system-level simulations

3.2 eMBB performance
3.2.1 Link level simulation results

For a given carrier frequency and speed, large Doppler spread will break the orthogonality between the subcarriers. Configuring a larger enough subcarrier spacing for a UE can combat the ICI introduced by large Doppler spread. High speed scenario is supported in NR in which consistent user experience is required with very high mobility. For the channels over long delay spread, they are experiencing much more frequency selectivity, which will introduce the ISI. Long CP length can deal with the ISI. In sub 6 GHz, 15 kHz, 30 kHz and 60 kHz can be used. Considering the large Doppler spread, performance between 30 kHz and 60 kHz is discussed in this section.
High speed with different MCS and different channel delay spreads in C-band are evaluated with 30 kHz and 60 kHz subcarrier spacing, detailed link level simulation assumption can be found in Appendix B, Simulation results are illustrated in Figure 5. 
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(a) TDL-A DS = 100 ns
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(b) TDL-A DS = 300 ns
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(c) TDL-A DS = 1000 ns
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(d) DS = 10 ns with high speed
Figure 5 eMBB performance with 30 kHz and 60 kHz
In low to medium speed and short channel delay spread, 30 kHz NCP and 60 kHz NCP have the similar performance, for the long delay spread; 30 kHz NCP has the best performance, as the 30 kHz has the longest CP length to combat ISI and lowest CP overhead. 

In the high speed, it can be seen that the higher Doppler spread; the channel is more sensitive to the Doppler spread. For the short delay spread, 60 kHz NCP has similar performance with 30 kHz in low MCS and 60 kHz has obvious better performance than 30 kHz NCP in high MCS. For the long delay spread, 60 kHz ECP has the best performance, as bigger subcarrier spacing and longer CP length of the 60 kHz ECP can both combat the ICI and ISI.
For the high speed and long delay spread scenarios, if the M-MIMO is applied for BS and UE, the beam-forming can be used for the filtering of channel paths. For example, the antenna configuration for BS and UE is 64*4, the channel delay spread is 1000 ns, with beam-forming, the performance of 30 kHz NCP, 60 kHz NCP, and 60 kHz ECP is illustrated in Figure 6. It can be seen that with beam-forming, even in high speed and over long delay spread channel, 60 kHz NCP has the better performance than 30 kHz.
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Figure 6 High speed performance and long delay spread with beamforming
Considering the simulation results and analysis above, the summary conclusion can be seen in the Table 5.

Table 5 Conclusion for 30 kHz vs 60 kHz: which one has the better performance
	Delay spread
	Low/medium speed
	High speed

	DS 10 ns
	Same
	60 kHz NCP

	DS 100 ns
	Same 
	60 kHz NCP

	DS 300 ns
	Similar 
	60 kHz NCP

	DS 1000 ns
	30 kHz NCP and 60 kHz ECP
	60 kHz with ECP

	DS 1000 ns with beamforming
	Same 
	60 kHz NCP


3.2.2 System level simulation results

System level simulation results are also provided for low to medium traffic load network system. From the result, it is observed that 60kHz can provide better user throughput than 30kHz (12.6% - 16.2% performance gain) due to the shorter transmission and fast HARQ feedback for slot based scheduling. The simulation assumption can be found in Appendix C.
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Figure 7 Performance comparison for eMBB from system-level simulations
Proposal 2: All UEs need to support 60 kHz SCS for eMBB high speed scenarios.
4 URLLC and eMBB multiplexing in 60 kHz 
In previous sections, benefits of 60 kHz numerology for URLLC as well as eMBB transmission are shown. Supporting 60kHz for eMBB is also a key enabler for URLLC and eMBB multiplexing. As discussed in previous sections, URLLC shall be scheduled in a BWP with 60kHz SCS for both latency and reliability purposes. Assume that URLLC is scheduled in 60kHz BWP while eMBB is scheduled in 30kHz BWP. Due to the burst and sporadic nature of URLLC traffic, BWP of the 30kHz eMBB and 60kHz URLLC shall not overlap. Otherwise eMBB traffic would be interfered severely whenever URLLC traffic occurs, or URLLC traffic has to wait until eMBB’s on-going transmission is completed, increasing the latency of URLLC service undesirably. As a result, 60 kHz BWP and 30kHz BWP shall not overlap. This however, would be costly for system efficiency, as URLLC traffic is sporadic and often unused. In order to increase system efficiency, eMBB UEs should also be able to be scheduled in the 60kHz BWP whenever that BWP is unused. Since the TTI duration of URLLC and eMBB is the same and so multiplexing of eMBB and URLLC without preemption can be realized via pure scheduling. This can significantly enhance resource utilization in the system. Moreover, scheduling with shorter scheduling interval can provide larger UPT gain for eMBB traffic as well. This configuration is illustrated in Figure 8, where URLLC traffic are scheduled in 60 kHz BWP with scheduling interval of 0.125 ms, i.e., 7 OS, which is also used for scheduling eMBB packets in the 60 kHz BWP.  

[image: image22]
Figure 8 eMBB UEs can be opportunistically scheduled in 60 kHz BW part when there is no URLLC service (FDD)
Similarly, in a TDD framework shown in Figure 9, eMBB traffic can be scheduled in 60 kHz BWP with the same scheduling interval as URLLC. As the number of DL symbols is limited within 0.5ms, resources can be quite constrained when SSB is present in 30 kHz BW part. And previous discussions on latency showed that 30 kHz frame structure may not satisfy 0.5ms user plane latency. Hence for both TDD and FDD frame structure, configuring UEs for transmission over 60 kHz BW part is beneficial. 
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Figure 9 eMBB UEs can be opportunistically scheduled in 60 kHz BW part when there is no URLLC service (TDD)
4.1.1 Forward compatibility issues shown by system simulations
URLLC and eMBB multiplexing shall be a mandatory forward compatibility feature in NR. In the initial deployment of NR, there may be no URLLC traffic and indeed there are only performance issues if only 30kHz SCS is supported for all UEs, as already discussed in Section 3.2. In the later deployment of NR when URLLC is supported, however, a BWP of 60kHz not overlapping with BWP of 30kHz is needed. If there are many legacy eMBB UEs not supporting 60kHz, then in order to guarantee URLLC KPI, all eMBB UEs cannot be scheduled in the 60kHz BWP. Or, if 30kHz BWP can overlap with 60kHz BWP, on-going eMBB traffic of 30kHz will be interfered significantly whenever 60kHz URLLC traffic occurs. As a result, if eMBB UEs do not support 60kHz from the very initial phase of NR deployment, their performance will be degraded significantly after the deployment of URLLC. This is in accordance with the discussions in RAN #78 [4]:

Forward compatibility-related: If X is not supported then, even though it is not a problem on day 1, it may not be feasible to operate X later on due to legacy devices not supporting X, causing:


a) lack of compatibility between initial and later deployment configurations, or 


b) severe system level performance degradation or restriction in later deployment configurations 
(i.e. the gains expected from X cannot be achieved due to lack of legacy device support)
As a result, if eMBB UEs are mandated to support 60kHz from the very beginning, URLLC and eMBB multiplexing can be implemented in the way illustrated in Figure 8 and Figure 9. It is beneficial for gNB scheduling and system performance for eMBB to be able to be scheduled in a 60 kHz URLLC slice at times when URLLC is not present. The gNB scheduling and system performance are improved if any UE (including ones that do not themselves support URLLC) can be scheduled in the 60 kHz slice. All UEs should have 60 kHz mandatory capability from the beginning.
Here we provide system simulations to show the issue of forward compatibility. Three cases are evaluated: 
Table 6 Cases under evaluations considering the BWP of eMBB and URLLC

	Case
	eMBB BWP
	URLLC BWP
	Note

	1
	20MHz, 30kHz SCS
	0MHz
	Baseline, early deployment w/o URLLC.

	2
	10MHz, 30kHz SCS
	10MHz, 60kHz SCS
	Later deployment with eMBB and URLLC, but eMBB does not support 60kHz.

	3
	10MHz, 30kHz SCS;

10MHz, 60kHz SCS
	10MHz, 60kHz SCS
	Later deployment with eMBB and URLLC, and eMBB supports both 30kHz and 60kHz.


Other key simulation assumptions are listed in Appendix D. Simulation results are shown in Figure 10.
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Figure 10 Throughput loss of eMBB after 10MHz BW deployment of URLLC
From the simulation results, it can be seen that with the deployment of URLLC, the amount of resources available for eMBB are inevitably reduced. It is noted that although URLLC occupies 10MHz BW, the resource utilization ratio is actually ~10%, due to the sporadic nature of URLLC traffic. However, for Case 2, it already costs performance loss as much as 50%, which is quite significant. This is because the BWP used by URLLC cannot be used for eMBB for the case where eMBB does not support 60kHz. The performance loss for Case 3 is ~10%, which is almost the same as resource utilization ratio of the URLLC traffic. As a result, if eMBB UEs do not support 60kHz in the beginning, it will have to suffer significant performance loss after deployment of URLLC.
Observation 4: eMBB not supporting 60kHz would suffer significant performance loss after the deployment of URLLC. 

5 Necessity to support 60kHz SCS for forward compatibility in NR

If Rel-15 UE does not support 60kHz, in the following scenarios, severe system level performance degradation or restriction in later deployment configurations (i.e. the gains expected from X cannot be achieved due to lack of legacy device support)” will happen:

1. For URLLC

- UE only supporting 30kHz will lead to very stringent UE and gNB processing time to meet 0.5ms URLLC latency requirement. Take DL URLLC transmission in TDD as example, BS+UE processing time budget left for 30kHz 4 symbols non-slot is as few 0.15ms as to meet 0.5ms URLLC latency requirement, assuming that per-slot ultra-reliable GC-PDCCH SFI is feasible in the network to enable 2 DL/UL switching points within 0.5ms. 60kHz 7 symbols non-slot can relax the BS+UE processing time budget, with semi-static RRC slot format configurations.
2. For eMBB

- For high speed scenario, 3-5dB link performance loss 

- For a cell with low to medium traffic load, 12-16% system performance loss

3. For URLLC coexistence with eMBB

- In a carrier, URLLC traffic can be flexibly scheduled in 60kHz BW part. This is because 60kHz BW part does not contain SSB and hence resource allocation is less constrained.

- Regular/Large eMBB traffic can be scheduled in 30kHz or 15kHz BW part with slot-level TTI.

- For dynamic resource sharing, eMBB traffic can be opportunistically scheduled in 60kHz BW part when URLLC traffic is not present.

- Without legacy UEs supporting 60kHz, the resource with 60kHz reserved for potential URLLC cannot be dynamically used by legacy users which will definitely cause the performance loss of the whole system.

4. 60kHz can better support unlicensed operation in 5GHz unlicensed band than 30kHz or 15kHz. Almost all companies prefer 60KHz due to its clear benefits in channel access and large coverage of 60kHz SSB

- More frequent channel access opportunities and less reservation signal required (from around 71us to 18us assuming start every OS.)

- Shorter round trip latency ensuring channel occupancy. Assuming self-contain frame structure (n+0), 60KHz OS can ensure no WiFi signal jumping in. 

- Easy to support single wideband operation larger than 20MHz, e.g. 80Mhz. 2K FFT is required to achieve 80MHz CC with 60KHz SCS 

- There is PSD limitation (xx dBm/MHz) in unlicensed band. 60KHz SSB occupies around 15MHz bandwidth which allow 4 times transmit power than 15KHz SCS.

Observation 5: If NR does not support 60kHz SCS, forward compatibility issues would occur for URLLC, eMBB, URLLC and eMBB coexistence and unlicensed operations.
Proposal 3: 60kHz SCS should be mandatory for NR.
6 Conclusion
In this contribution, we provide our views on mixed numerology coexistence in a carrier. 
We have the following observations and proposals.
Observation 1: 
· In TDD, 30kHz SCS cannot satisfy 0.5ms one-way latency all the time. 60kHz SCS with TTI length smaller than 7OS is able to satisfy 0.5ms one-way latency all the time. 

· In FDD, 30kHz SCS with TTI length no shorter than 4OS cannot satisfy 0.5ms one-way latency all the time. 60kHz SCS with TTI length no longer than 7OS can satisfy 0.5ms one-way latency all the time.

Observation 2: Higher SNR is required for 30 kHz 7-symbol to meet URLLC KPI when compared with 60 kHz 7-symbol which can be critical for operation of cell-edge URLLC UE.
Observation 3: 60 kHz 7-symbol provides significant capacity gain over 30 kHz 7-symbol due to the increased number of transmissions via shorter TTI length and shorter processing delay.
Observation 4: eMBB not supporting 60kHz would suffer significant performance loss after the deployment of URLLC. 
Observation 5: If NR does not support 60kHz SCS, forward compatibility issues would occur for URLLC, eMBB, URLLC and eMBB coexistence and unlicensed operations.

Proposal 1: 60 kHz SCS should be adopted as the default SCS for URLLC transmission.
Proposal 2: All UEs need to support 60 kHz SCS for eMBB high speed scenarios.

Proposal 3: 60kHz SCS should be mandatory for NR.
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Appendix A
Table 6 Simulation assumptions for system level simulations for URLLC performance
	Parameters
	Description

	Deployment scenarios
	Homogeneous network (7*3 site)

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz/60 kHz

	Scheduled PDSCH time-domain
	7 symbols

	Simulation bandwidth
	20 MHz

	Channel model
	3D Uma

	BS Tx power
	46 dBm

	BS antenna configurations
	2TX

	BS antenna height
	25 m

	BS antenna element gain 
+ connector loss
	8dBi

	UE antenna configurations
	2RX

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	CQI reporting period
	20ms

	Traffic model
	URLLC: FTP Model 3 with MAC packet size 32bytes
eMBB: FTP Model 3 with APP packet size 0.5Mbytes 

	Traffic load (Resource utilization)
	URLLC/eMBB: Poisson packet arrival with arrival rate λ to achieve URLLC/eMBB target resource utilization ratio

	UE distribution
	20% Outdoor in cars: 30 km/h,

80% Indoor: 3 km/h

URLLC: 10 UE/sector

	UE receiver
	MMSE-IRC

	Target BLER
	1e-3


Appendix B
Table 7 Simulation assumption eMBB performance
	Parameters
	Value

	Carrier frequency
	3.5GHz

	System bandwidth
	20MHz

	UE bandwidth
	2880kHz

	Control overhead
	0%

	Coding
	3GPP Turbo LTE

	Tx mode
	1T1R

	MCS
	64QAM: 0.75 for 60 kHz ECP

64QAM: 0.64 for 30 kHz and 60 kHz NCP
64QAM: 0.66, 0.8 for 30 kHz and 60 kHz NCP
16QAM: 0.5 for 30 kHz and 60 kHz NCP

	channel model
	TDL in TR 38.900

	UE speed
	3/120/500km/h

	Channel estimation
	Ideal


	Appendix C
　
	Urban Micro cell (3D-UMi in 873)

	Layout
	Hexagonal grid, 21/57 sectors

	UE density
	10 UEs per sector

	ISD
	200m

	Carrier frequency
	5 GHz

	Simulation bandwidth
	100MHz

	UE mobility
	3km/h for indoor UE, 30km/h for outdoor UE

	BS antenna height
	10m

	Total BS Tx Power
	44 dBm

	Min. UE-eNB 2D distance
	10m

	UE height (hUT) in meters
	general equation: hUT=3(nfl – 1) + 1.5
nfl for outdoor UE: 1
nfl for indoor UE: nfl ~ uniform(1,Nfl), where Nfl ~ uniform(4,8)

	Indoor UE fraction
	80%

	UE distribution (in x-y plane)
	uniform in cell

	Number of antenna elements per sector
	(M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ

	Number of antenna elements per UE
	(M,N,P,Mg,Ng) = (2,2,1,1,1), (dH,dV) = (0.5, 0.5)λ

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	BS antenna element gain
	5 dBi 

	UE antenna element gain
	0 dBi

	Traffic model
	FTP3: packet size = 0.5MByte

	Transmission scheme
	TM9 with rank adaption

	Control overhead
	2 OFDM symbol

	K1
	n+4


Appendix D

	Parameters
	Description

	Deployment scenarios
	Homogeneous network, Hexagonal grid  (19*3 site)

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz/60 kHz

	Scheduled PDSCH time-domain
	7 symbols

	Simulation bandwidth
	20 MHz

	Channel model
	3D Uma

	BS Tx power
	46 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (2,8,2,1,1), the TxRU mapping method is  (Mtx, Ntx, P, Mg, Ng) = (2,1,2,1,1)

	BS antenna height
	25 m

	BS antenna element gain 
+ connector loss
	See 38.802, table A.2.1-4.

	UE antenna configurations
	(M, N, P, Mg, Ng) = (1,1,2,1,1), the TxRU mapping method is  (Mtx, Ntx, P, Mg, Ng) = (1,1,2,1,1)

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	CQI reporting period
	5ms

	Traffic model
	URLLC: FTP Model 3 with MAC packet size 32bytes
eMBB: Full buffer 

	Traffic load (Resource utilization)
	URLLC/eMBB: Poisson packet arrival with arrival rate λ to achieve URLLC/eMBB target resource utilization ratio

	UE distribution
	20% Outdoor in cars: 30 km/h,

80% Indoor: 3 km/h

URLLC: 10 UE/sector

eMBB : 10 UE/serctor

	UE receiver
	MMSE-IRC

	Target BLER
	eMBB: 1e-1

uRLLC: 1e-3
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