3GPP TSG-RAN WG4 Meeting #83
R4-1705742
Hangzhou, China, 15th May 2017 – 19th May 2017
Agenda item:
10.3.1
Source: 
NTT DOCOMO, INC.
Title: 
Discussion on channel bandwidth and subcarrier spacing
Document for:
Approval
1. Introduction

At the last RAN4 #82bis meeting, the following agreements were made for channel bandwidth and subcarrier spacing.

	· Channel bandwidth

· Working Assumption: 

· For bands below 6GHz

· 100MHz maximum CBW

· For bands above 24GHz

· 400MHz maximum CBW

· Subcarrier spacing
· SCS supported for bands below 1 GHz

· 15kHz, 30kHz

· The decision of supporting 60kHz is pending RAN1 check

· SCS supported for bands between 1GHz and 6GHz

· 15kHz, 30kHz, 60kHz

· SCS supported for bands above 24GHz and below 52.6GHz

· 60 kHz, 120kHz

· 240kHz is not applicable for data

· 240 for data can be further considered if a clear benefit is shown 

· SCS support is band dependent

· RAN4 assumes others SCS at least for data may be added in a forward compatible manner in later releases


In this contribution, we provide our views on the channel bandwidth and subcarrier spacing.
2. Discussion
2.1 CBW for below 6 GHz

For the subcarrier spacing (SCS), RAN4 reached the following agreement in the last meeting.

· Below 1 GHz: 15 kHz, 30 kHz

· Between 1GHz and 6GHz: 15 kHz, 30 kHz, 60 kHz

When considering 4096 FFT size, the maximum channel bandwidth which can be supported by those SCS values is as follows.

Table 1. Maximum channel bandwidth (MHz)
	Spectral Utilization (%)
	SCS = 15 kHz
	SCS = 30 kHz
	SCS = 60 kHz

	90
	55.3
	110.6
	221.2

	95
	58.4
	116.7
	233.5

	99
	60.8
	121.7
	243.3


Regarding maximum channel bandwidth, there was intensive discussion mainly when [1] was treated. In this discussion, some operators and venders supported to have 200MHz channel bandwidth for below 6GHz. However, 100MHz channel bandwidth was eventually concluded as working assumption due to the meeting time limitation. From the Table 1, 100MHz of maximum channel bandwidth seems to be reasonable for 15 kHz and 30 kHz subcarrier spacing. For 60 kHz subcarrier spacing, however, there is a room for discussion since maximally 200 MHz channel bandwidth can be achieved.
Observation 1: 100MHz of maximum channel bandwidth seems to be reasonable for 15 kHz and 30 kHz subcarrier spacing.
Observation 2: There is clear operator’s demand of 200 MHz channel bandwidth for below 6 GHz, which can be achieved by 60 kHz subcarrier spacing.

In general, non-CA operation with wider channel bandwidth has some benefits over CA operation with narrower channel bandwidth in terms of implementation simplicity, control overhead reduction, RAN4 specification simplicity, etc. Hence, if there is no noteworthy technical issues on implementation feasibility/complexity for RF and BB units, a wider channel bandwidth should be supported considering the availability on contiguous spectrum expected for NR application. Even if there is a serious technical issue, it is premature to exclude the possibility of wider channel bandwidth for any case and we could consider some another solution to address the issue. For example, if 200MHz channel bandwidth is challenging due to PA limitation, asynchronous channel bandwidth for DL and UL like 200 MHz for DL and 100 MHz for UL can be considered.

Proposal 1: If there are no noteworthy technical issues on implementation feasibility/complexity for RF and BB units, wider channel bandwidth (i.e. 200MHz with 60 kHz subcarrier spacing for below 6GHz) should be supported in Rel.15 NR.
Proposal 2: At least the following channel bandwidth should be supported for Rel.15 NR.
· NR 3.3 GHz- 4.2 GHz: 20, 40, 60, 80, 100, 200 MHz

· NR 4.4 GHz- 4.99 GHz: 40, 60,  80, 100, 200 MHz
2.2 CBW for above 24 GHz

Similar to below 6GHz, wider channel bandwidth (e.g. 1GHz) would be also beneficial for above 24 GHz. As shown in Table 2, however, 800 MHz channel bandwidth can be achieved by 240 kHz subcarrier spacing and 1GHz requires  more than 240 kHz subcarrier spacing when assuming 4096 FFT size. 
Table 2. Maximum channel bandwidth (MHz)
	Spectral Utilization (%)
	SCS = 60 kHz
	SCS = 120 kHz
	SCS = 240 kHz

	90
	221.2
	442.4
	884.7

	95
	233.5
	466.9
	933.9

	99
	243.3
	486.6
	973.2


For above 24 GHz, only 60 kHz and 120 kHz subcarrier spacing were agreed, and 240 kHz subcarrier spacing was excluded for data channel at this stage even though some contributions showed that 240 kHz subcarrier spacing itself is feasible for above 24GHz, e.g. [2-3]. 
Observation 3: 400MHz of maximum channel bandwidth seems to be reasonable for 60 kHz and 120 kHz subcarrier spacing.
Observation 4: There is clear operator’s demand of wider channel bandwidth (e.g. 800MHz, 1 GHz) for above 24 GHz.  800 MHz channel bandwidth can be achieved by 240 kHz subcarrier spacing while 1GHz requires  more than 240 kHz subcarrier spacing when assuming 4096 FFT size. 

In our understanding, for data channel, additional processing time is needed due to the channel estimation, data decoding processes etc, while those processes are not needed for synchronization channel. Thus, when assuming “self-contained” structure, 240 kHz subcarrier spacing may be infeasible due to very short DL/UL gap as shown in Fig. 1. Of course, the feasibility of self-contained structure is now discussed in RAN1, and unfortunately there is no conclusion yet. However, if the DL/UL gap can be flexibly configured, e.g. if the same gap with SCS = 120 kHz can be configured for SCS = 240 kHz as shown in Fig 2, the processing time for channel estimation and channel decoding would not be the reason to preclude 240 kHz subcarrier spacing even for self-contained structure.
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Figure.1
Slot structure with SCS = 120 kHz and 240 kHz.
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Figure.2
Larger DL/UL gap for SCS = 240 kHz.
Proposal 3: Study further feasibility of 240 kHz subcarrier spacing to resolve potential issues like illustrated in Figure 1 and 2 and consider 800MHz channel bandwidth for above 24 GHz in Rel.15 NR if the solution(s) is identified.
Proposal 4: At least the following channel bandwidth should be supported for Rel.15 NR.
· NR 24.25 GHz- 27.5 GHz: 50, 100, 200, 400, 800 (if possible) MHz
· NR 26.5 GHz- 29.5 GHz: 50, 100, 200, 400, 800 (if possible) MHz
3. Conclusion

Based on the above, we propose and observe the followings.

Observation 1: 100MHz of maximum channel bandwidth seems to be reasonable for 15 kHz and 30 kHz subcarrier spacing.

Observation 2: There is clear operator’s demand of 200 MHz channel bandwidth for below 6 GHz, which can be achieved by 60 kHz subcarrier spacing.

Observation 3: 400MHz of maximum channel bandwidth seems to be reasonable for 60 kHz and 120 kHz subcarrier spacing.
Observation 4: There is clear operator’s demand of wider channel bandwidth (e.g. 800MHz, 1 GHz) for above 24 GHz.  800 MHz channel bandwidth can be achieved by 240 kHz subcarrier spacing while 1GHz requires  more than 240 kHz subcarrier spacing when assuming 4096 FFT size. 

Proposal 1: If there are no noteworthy technical issues on implementation feasibility/complexity for RF and BB units, wider channel bandwidth (i.e. 200MHz with 60 kHz subcarrier spacing for below 6GHz) should be supported in Rel.15 NR.
Proposal 2: At least the following channel bandwidth should be supported for Rel.15 NR.
· NR 3.3 GHz- 4.2 GHz: 20, 40, 60, 80, 100, 200 MHz

· NR 4.4 GHz- 4.99 GHz: 40, 60,  80, 100, 200 MHz
Proposal 3: Study further feasibility of 240 kHz subcarrier spacing to resolve potential issues like illustrated in Figure 1 and 2 and consider 800MHz channel bandwidth for above 24 GHz in Rel.15 NR if the solution(s) is identified.
Proposal 4: At least the following channel bandwidth should be supported for Rel.15 NR.
· NR 24.25 GHz- 27.5 GHz: 50, 100, 200, 400, 800 (if possible) MHz
· NR 26.5 GHz- 29.5 GHz: 50, 100, 200, 400, 800 (if possible) MHz
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