Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #86
R1-167541           
Gothenburg, Sweden, 22th – 26th August 2016
Agenda Item:
8.1.1
Source: 
MediaTek Inc.
Title:  
Discussion on Supported Carrier Bandwidth for Forward Compatible NR design
Document for:
Discussion/Decision
1 Introduction
The SID on "Study on New Radio Access Technology" was approved [1] at RAN #71 meeting. One of the considerations for New Radio (NR) design is to secure the forward compatibility. In the RAN1 84#bis meeting, the design principles have been agreed to ensure forward compatibility and compatibility of different features. In the RAN1 85 meeting, more detailed guidance on the system design for forward compatibility was provided in [3] as extracted below.
	Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal




In this contribution, we provide further discussion on the details for forward compatible NR design, following the high level discussion presented in [4] and some specific issues discussed in [5].  
2 Discussion
2.1 Consideration on default and minimum carrier bandwidth

To support the forward compatible NR design, one of the issues is related to the set of carrier bandwidth to be supported in NR network. Especially, the minimum carrier bandwidth to be supported will have the impact on the NR system design. Because the coverage and supported transport block size for the common information as well as the performance of synchronization channel can be restricted by the supported minimum carrier bandwidth (or the default carrier bandwidth) for transmission. In other words, the design for synchronization channel and common control channel carrying MIB are likely affected by the supported minimum carrier bandwidth. 
In Rel8 LTE, a set of carrier bandwidth {1.4, 3, 5, 10, 15, 20} MHz is supported in which 1.4MHz is the supported minimum bandwidth as well as the default bandwidth. The default bandwidth is assumed by UE for RRM measurement by default and decoding the essential channels such as PSS/SSS and PBCH carrying MIB message. It can be noticed that the minimum carrier bandwidth should be set same as the default bandwidth or at least the upper bound of the default bandwidth to secure the minimum carrier bandwidth can be properly supported. 
Observation 1: The supported minimum carrier bandwidth is same or larger than the default carrier bandwidth.
Observation 2: The essential channels such as synchronization channel and common channel carrying MIB message are restricted within the default system bandwidth for transmission.

2.2 Minimum carrier bandwidth to be supported
In NR, the higher frequency bands (e.g., ~4GHz, ~30GHz and ~70GHz) are expected to be issued for deployment with the larger bandwidth available for operation than LTE system. Therefore, the supported minimum carrier bandwidth is expected to be larger than 1.4MHz supported by LTE. On the other hand, the supported bandwidth should take into account the business need that NR may refarm 2G/3G or even 4G networks in the future. In most countries, the operators obtain the bandwidth larger than 5MHz for operation at least for the frequency band above 1GHz considering the system operation efficiency. To be noticed, 1.4MHz/3MHz system is seldom deployed due to the high control overhead and low efficiency. 
For the low frequency band below 1GHz, there could be more fragmented resources due to scarce frequency resources shared by multiple operators. However, it could be considered for MTC deployment or refarmed by LTE with the narrow band operation. 
From radio technology perspective, 5MHz is also a typical bandwidth used for widely deployed UMTS system. Even though CDMA2000 and TD-SCDMA may operate in a narrow bandwidth, it is expected that a group of channels will be refarmed together for a larger bandwidth rather than a single channel so that the bandwidth larger than 5Mhz is likely refarmed in those bands for NR deployment.

In short, it seems 5MHz can be considered as the minimum carrier bandwidth to be supported at least in the low frequency band.

Proposal 1: 5Mhz is the minimum carrier bandwidth to be supported at least in the low frequency band.

Moreover, considering that the different bandwidth is available in different frequency band, the minimum carrier bandwidth to be supported could be dependent on the frequency bands. For example, as illustrated in Table 1, in the low frequency band with scarce resources, 5MHz with 15Khz subcarrier spacing can be set as the minimum carrier bandwidth, whereas 20Mhz with 60Khz subcarrier spacing can be set as the minimum carrier bandwidth for the higher frequency band. With simple scaling of the subcarrier spacing, the channel structure for synchronization and MIB channels can be kept same for forward compatible NR design with less standardization effort.
Table 1: Example of the default carrier bandwidth and subcarrier spacing for eMBB/URLLC
	Frequency band
	< 6GHz
	6GHz ~ 40GHz
	>40GHz

	Supported system bandwidth
	5MHz, 20MHz, 80Mhz
	20MHz, 80MHz
	80MHz, 160MHz, 240Mhz

	Minimum system bandwidth
	5MHz
	20MHz
	80MHz

	Supported subcarrier spacing
	15Khz, 60Khz, 240Khz
	60Khz, 240Khz
	240Khz

	Default carrier bandwidth and subcarrier spacing 
	5MHz@fsc=15Khz
	20Mhz@fsc=60khz
	80Mhz@fsc=240khz


Proposal 2: The minimum carrier bandwidth can be set different depending on the frequency band while the channel structures is kept same by scaling of subcarrier spacing.  
2.3 Default carrier bandwidth 
Supposing 5Mhz is the minimum carrier bandwidth to be supported, there could be a few options considered for default carrier bandwidth assumed by UE for synchronization and MIB acquisition such as:

· 200Khz: It has been used in NB-IoT for low cost MTC operation with the large coverage extension.

· 1.4Mhz: It has been used in LTE as the default bandwidth for access

· 5Mhz: It was proposed above as the minimum carrier bandwidth in NR.
Option 1: 200Khz 

In Rel13, 200Khz carrier bandwidth to support NB-IoT has been introduced for efficient low-cost MTC operation which requires the new synchronization channel and PBCH channel design to fit 200Khz narrow band. In addition, channel repetition for the coverage extension is required compared to the Rel8 LTE operation
In NR, the benefit of using 200Khz as the default carrier bandwidth may help to support the common access of both eMBB/URLLC and mMTC (or NB-IoT) with a shared common synchronization channel. However, it will lower the access efficiency of eMBB/URLLC services and synchronization accuracy, especially in case with a larger system bandwidth available for eMBB/URLLC operation. 
· As shown in Table 2, eMBB/URLCC has to share the same DL/UL configuration with 200Khz mMTC in TDD operation, which will significant increase the fixed DL subframe ratio accordingly reducing the flexibility for DL/UL switching due to shared synchronization channel and PBCH. This has been verified and presented in Table 2 based on the same MIB size with the same coding rate transmitted over different default bandwidth. It can be observed at least ~18% fixed DL subframe ratio is required for 200Khz for MIB transmission. If taking into account RS and synchronization channel overhead, the fixed DL subframe ratio will be much higher.
· Secondly, synchronization and measurement over 200Khz default bandwidth is far way to reflect the channel status of the whole system bandwidth such as 20Mhz or larger. As shown in Appendix A, the difference on the RSRP measurement can be observed for 1PRB/6PRB/50PRB cases.
Proposal 3: 200Khz is not preferred for eMBB/URLLC as the he default carrier bandwidth.

Proposal 4: The default carrier bandwidth for eMBB/URLLC and low-cost mMTC can be set different with independent synchronization design.
Option 2: 1.4Mhz
1.4Mhz has been used in LTE. However, similarly to 200khz default bandwidth operation it may also have the synchronization issue and RRM measurement problem in case of the larger system bandwidth for operation. In addition, it may require more frequent switching between narrow-band and wide-band operation to support the larger TBS transmission for common information such as SIB message. 
Option 3: 5Mhz
For 5Mhz, there can be more resource elements per time unit than 200Khz and 1.4Mhz. Accordingly, it provides the potential to fit synchronization channel and common channels in a compact approach, which is beneficial for support of flexible TDD UL/DL switching with the small fixed DL subframe ratio, as shown in Table 1. In addition, it is more suitable for synchronization and RRM measurement compared to 200khz and 1.4Mhz in case of the larger system bandwidth for operation.
Proposal 5: 5Mhz is set as the default carrier bandwidth in NR for eMBB/URLLC at least in low frequency bands.
Table 2. Fixed DL subframe ratio due to MIB supposing 40ms Period and 1920 bits.
	 
	200khz 
	1.4Mhz 
	5Mhz

	REs
	168
	1008
	4200

	Available REs w/o RS
	144
	864
	3600

	Subframe (1ms) w/o RS/Control
	7.00
	2.00
	1.00

	Fixed DL subframe ratio for MIB w/o RS
	17.5%
	5.0%
	2.5%


3 Conclusion
In this contribution, we provided more discussion on the forward compatible design for 5G system. Based on the discussion, the following observations for information:
Observation 1: The supported minimum carrier bandwidth is same or larger than the default carrier bandwidth.
Observation 2: The essential channels such as synchronization channel and common channel carrying MIB message are restricted within the default system bandwidth for transmission.

Accordingly, the following proposals are given for consideration.

Proposal 1: 5Mhz is the minimum carrier bandwidth to be supported at least in the low frequency band.

Proposal 2: The minimum carrier bandwidth can be set different depending on the frequency band while the channel structures is kept same by scaling of subcarrier spacing.  

Proposal 3: 200Khz is not preferred for eMBB/URLLC as the he default carrier bandwidth.

Proposal 4: The default carrier bandwidth for eMBB/URLLC and low-cost mMTC can be set different with independent synchronization design.
Proposal 5: 5Mhz is set as the default carrier bandwidth in NR for eMBB/URLLC at least in low frequency bands.
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Appendix
A. RSRP performance with different measurement bandwidth
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