3GPP TSG-RAN WG1 #86
R1-167258
Gothenburg, Sweden, August 22-26, 2016
Agenda item:

8.1.3.1
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
On System Design for Multiple Numerologies - Initial Access
Document for:

Discussion
1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for NR systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In 3GPP RAN1#85 meeting it was agreed that multiplexing multiple numerologies
 within a same NR carrier bandwidth (from network perspective) is supported using FDM and/or TDM multiplexing [3]:

	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


Furthermore, it was agreed that at least for further study it shall be considered that different numerologies share a synchronization signal [3]:

	Agreements:
· 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 discuss about initial access design in presence of multiple numerologies within the NR carrier. Initial access design covers herein design of physical signals and channels (downlink signals and channels are referred as discovery signal later on) as well as procedures for:
· Downlink synchronization (time and frequency)

· Cell detection

· Delivery of essential system information for UE to perform random access

· Beam and mobility measurements

· Uplink random access
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On services and multiple numerologies
Using different numerologies within the same carrier is motivated by providing optimized radio access for different services, e.g. for enhanced mobile broadband (eMBB), ultra-reliable and ultra-low-latency (URLLC) services and massive machine-type communication (mMTC). mMTC UEs are characterized by very narrow processing bandwidth capability (e.g. 200 kHz) compared to UEs supporting eMBB and/or URLLC service. Due to mMTC bandwidth requirement it’s considered that separate design may be needed for mMTC and non-MTC services. For instance synchronization signal having bandwidth of ~200 kHz doesn’t provide enough high timing resolution in non-MTC case when considering CP lengths of around 4us and lower for non-MTC services. The same would apply for PRACH preamble design as well. Furthermore, it’s expected that similar to NB-IoT in LTE, mMTC system should support standalone deployments as well.
Observation 1: Separate synchronization and initial access design is required for non-MTC and mMTC services.
For non-MTC services, multiple numerologies, specifically multiple subcarrier spacings and CP lengths may be needed: 

· URLCC may require higher subcarrier spacing option to achieve latency targets

· High speed train scenarios may require higher subcarrier spacing option to alleviate high Doppler

· Longer CP (and smaller subcarrier spacing) for links with long delay spread

On the other hand, subcarrier spacing needs to be increased as a function of carrier frequency due to: 

· Effect of oscillator phase noise increases quadratically with carrier frequency

· Maximum Doppler frequency increases linearly with carrier frequency 

· Beamforming, especially beam sweeping of common channels, at higher carrier frequencies requires short symbols in order to keep overhead low

· Available spectrum and channel bandwidth increases with carrier frequency. Higher subcarrier spacing supports increased channel bandwidth with reasonable (I)FFT implementation complexity.

Observation 2: Need for shorter symbol due to latency decreases in higher carrier frequencies as phase noise and Doppler anyway require larger subcarrier spacing and thus shorter symbols. 
Table 1 below provides an exemplary set of numerologies as a function of carrier frequency for non-MTC services. To be able to multiplex different numerologies in FDM manner symbol alignment is remained among different numerologies as discussed and proposed in [5]. That is done by decreasing CP length with the same power of two scaling factor as subcarrier spacing is increased. 
Table 1 shows also rough estimate for required synch signal bandwidth per numerology following ratio between inverse of synch signal bandwidth and normal CP length in LTE (~1us/4.7 us). 
Table 1 Example numerologies as a function of carrier frequency.

	
	< 6 GHz
	6-40 GHz

	Subcarrier spacing [kHz]
	15
	30
	60
	60
	120
	240

	Cyclic prefix
 [us]
	4.8
	2.4
	1.2
	1.2
	0.6
	0.3

	Required synch signal BW
 [MHz]
	1
	2
	4
	4
	8
	16


3
Default numerology for initial access design

Then, how to design initial access signals for the multi numerology case for non-MTC case supporting for instance numerologies as depicted in Table 1? UE needs to perform synch signal search for initial cell search and for neighbour cell search. The latter is continuous process. In synch signal search the UE searches the signal(s) both in time and frequency domain which make search relatively complex. Searching signal based on multiple numerologies would increase further this burden which is not seen practical. Furthermore, there may be different configurations regarding the used numerologies in the cells under search and UE may not be able to know those a priori. In addition, for neighbour cell and beam measurements UE needs to detect and measure beam and mobility reference signals (which may be the same) continuously as well. 
Thus, it’s clear that from UE complexity and resource efficiency point of view, preferred approach is to define a default numerology per carrier frequency for the initial access signals and channels. That would mean that one numerology is specified explicitly as a default numerology the system/cell uses at least for initial access signals and channels. Default numerology may be determined by specification separately for each frequency band. Table 2 illustrates an example about numerology sets as a function of carrier frequencies and default numerology used for initial access signals/discovery signalling. 
Default numerology is selected according to the numerology with smallest subcarrier spacing supported at certain frequency band. This option may provide the best trade-off between cell coverage and CP overhead. Regarding to high speed train scenario and initial access channels it’s to be noted the tolerance against frequency offsets is proportional to the subcarrier bandwidth and inversely proportional to the square root of the SNR of operation [4]. Thus, high SNR regime is more sensitive to Doppler than the low SNR regime which is typical operating area for initial access signals and channels. 
Table 2 Default numerology for initial access signals as a function of carrier frequency
	
	< 6 GHz
	6-40 GHz

	Possible numerology set in the cell
	CP {4.8,2.4,1.2} us, subcarrier spacing {15, 30, 60} kHz
	CP {1.2, 0.6, 0.3} us, subcarrier spacing {60, 120, 240} kHz

	Numerology for initial access signals and channels signalling
	CP 4.8 us, subcarrier spacing 15 kHz
	CP 1.2 us, subcarrier spacing 60 kHz


Proposal 1: Define default numerology per frequency band that is applied for initial access signals and channels:

· Downlink synchronization signal(s)
· Physical broadcast channel to transmit essential system information

· Reference signals for beam and mobility measurements

4
Bandwidth of synchronizations signal(s)
Synch signals like PSS and SSS in LTE are used to get time and frequency synchronization among of the detected cell as well as physical cell ID and configured CP length of the cell. Bandwidth of synch signal determines the achievable timing estimation resolution which is inversely proportional to signal bandwidth. In LTE timing estimation resolution is 1 us (+/-0.5 us) which is roughly 1/5 of the CP length. Assuming now scalable numerology as discussed above there may be multiple CP lengths configured in the cell. Then how to dimension synchronization signals, and specifically the bandwidth?

As synchronization signal(s) and beam and mobility references signals as well as essential broadcast information are transmitted periodically, at least in standalone scenario, resources required for these periodical signals should be minimized. From that perspective, approach where synchronization signal bandwidth is dimensioned based on CP of the default numerology, i.e. longest CP in above examples, would be preferable as it allows the narrowest bandwidth for the synch signal(s) and minimizes the resources required for periodical common signalling. This has also other benefits like reduced UE complexity in cell search. 
Proposal 2: Dimensioning of synch signal(s) is based on default numerology.
When the UE is configured a non-default numerology the achieved time synchronization may not be enough accurate for shorter CP lengths (e.g. 4x shorter CP in non-default numerology). Thus, some additional means may be needed to provide UE possibility to achieve more accurate synch needed by the configured numerology. Preferred approach would be to rely on dedicated signalling and transmit a dedicated synch or reference signal with the required bandwidth to the UE when configuring the non-default numerology option to the UE. 
Proposal 3: Rely on dedicated synchronization or reference signal transmission for more accurate time synchronization required by non-default numerology. 
5
Resource allocation of synchronization signal(s)
To support forward compatibility and flexible spectrum usage, the synchronization signal(s) and other common control channels to be transmitted periodically in the cell are the key. Contrary to LTE where synchronization signals are transmitted in the centre REs of the system bandwidth (component carrier), flexible allocation of synchronization signal(s) within the NR carrier is seen beneficial. That implies that once the UE has detected the synchronization signal(s) associated downlink signaling, like physical broadcast channel, needs to indicate the UE the position of the synchronization signal(s) within the NR carrier.

There are two approaches for the resource allocation of the synch signal(s):
1. Synch signal(s)’s raster in frequency domain is the same as channel raster

2. Synch signal(s)’s raster in frequency domain is different than the channel raster

In option 1. the UE searches the synchronization signals assuming the 100 kHz channel raster as in LTE. In contribution [6] we discuss and propose a resource block group (RBG) concept for multi-numerology resource allocation. RBG has a common size in both time and frequency domain across different numerologies whereas physical resource blocks (PRBs) would be numerology specific in absolute time and frequency domain. Assuming for instance < 6 GHz case, RBG could be defined as having 0.5 ms time domain allocation and 720 kHz frequency domain allocation. Furthermore, the system bandwidth is divided into RBGs of equal size. 
To support allocation of synchronization signal(s) flexible in frequency domain and multiplexing synch signals of default numerology in FDM manner with other signals with same or different numerology/numerologies synchronization signal is allocated within one or multiple contiguous RBGs (depending on RBG definition and synch discovery signal bandwidth) in frequency. Guard bands are inbuilt within RBG allocation. This is illustrated in Figure 1. 
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Figure 1 Example of synch signal resource allocation – synch signal raster follows channel raster.
Option 2 would allow reducing the complexity of synchronization signal search by defining relaxed frequency domain raster compared to channel raster of 100 kHz. Synchronization signal raster could be for instance 5 MHz meaning that UE would perform search assuming 5 MHz synchronization signal placement grid. This approach has potential to reduce UE complexity but may lead to more complicated resource allocation definition. Following the above referred RBG definition, since RBG position is fixed within frequency domain of the NR carrier the synchronization signal should be flexibly allocated within RBG(s) to enable dedicated raster for synch signal(s) while RBG allocation follows channel raster in absolute frequency domain. That is illustrated in Figure 2.
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Figure 2 Example of synch signal resource allocation – relaxed synch signal raster.
Observation 3: Relaxed synch signal raster in frequency enables reducing synch signal search complexity.
Observation 4: Relaxed synch signal raster in frequency domain leads to non-fixed synch signal resource allocation within RBG blocks. 
6
Conclusion
In this contribution we discussed about initial access design in presence of multiple numerologies. Based on the discussion the following observations and proposals are made: 
Observation 1: Separate synchronization and initial access design is required for non-MTC and mMTC services.
Observation 2: Need for shorter symbol due to latency decreases in higher carrier frequencies as phase noise and Doppler anyway require larger subcarrier spacing and thus shorter symbols.
Proposal 1: Define default numerology per frequency band that is applied for initial access signals and channels:

· Downlink synchronization signal(s)
· Physical broadcast channel to transmit essential system information
· Reference signals for beam and mobility measurements
Proposal 2: Dimensioning of synch signal(s) is based on default numerology.
Proposal 3: Rely on dedicated synchronization or reference signal transmission for more accurate time synchronization required by non-default numerology.
Observation 3: Relaxed synch signal raster in frequency enables reducing synch signal search complexity.
Observation 4: Relaxed synch signal raster in frequency domain leads to non-fixed synch signal resource allocation within RBG blocks.
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� One numerology is defined at least by a CP duration and a subcarrier spacing. 


� These are just approximate values. The other values may scale accordingly.


� Synch signal bandwidth in LTE is ~1MHz leading to synchronization accuracy of +/-0.5 us which is roughly 1/5 of the CP length. Required synch signal bandwidth derivation assumes the same assumption. 





