3GPP TSG-RAN WG1 #85
R1-165029
Nanjing, P.R. China, May 23-27, 2016
Agenda item:

7.1.4
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
Main components for forward compatible frame structure design in NR
Document for:

Discussion and Decision
1
Introduction
Related to the forward compatible system design principles for the NR, the following way forward agreement was made in RAN1#84bis:
· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource
Thus, clear targets are to minimize always-on signaling and to enable flexible system resource usage both in downlink and uplink. In this contribution we discuss and propose the main technology components to support these targets.
2
Technology components

2.1
Learnings from LTE
In LTE, cell-specific reference signal (CRS) is transmitted in every downlink subframe independent of whether or not there are active UEs in the cell. CRS is used for common control plane processing (e.g. PBCH demodulation), RRM measurements as well as for dedicated control and data channel processing (e.g. for demodulation of PDCCH and PDSCH of certain transmission modes). Furthermore, CRS is transmitted as a full bandwidth signal. As a result unnecessary interference is created and low energy saving possibilities are possible for the BS. 

During LTE evolution, the following features have been introduced after Rel8 to improve the design:

· Decoupling common control plane processing from user plane processing enabled by

· DMRS based dedicated control (e.g. ePDCCH) and data channel demodulation (e.g. TM9/10 PDSCH)

· CSI-RS based CSI acquisition 

· Discovery signal concept together with cell on/off mechanism
· Cell transmits only discovery signal with certain periodicity when there are no active UEs in the cell
· Discovery signal comprises signals for cell search and synchronization, RRM measurements and CSI acquisition

Both features are enablers for minimizing always-on signaling and for flexible system resource usage, and are considered as a basis for the NR design as well. 
Proposal 1: Efficient discovery signaling together with cell on/off mechanism should be basis for NR design.

Proposal 2: Reference signals used for dedicated control and data channel processing should be decoupled from reference signals used for processing common control signaling.

2.2
Discovery signal
Discovery signal is a compact block of physical signals and channels to enable UE to detect, measure and access the cell. Refering to LTE signals and channels, discovery signal could carry PSS/SSS type synchronization signals, PBCH type channel and associated demodulation RS to signal essential system information and RS for cell and/or beam measurements. It has a certain pre-determined periodicity and would be ideally the only signal the NR system is transmitting when there is no user plane data transmission activity (Figure 1). 
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Figure 1 Periodical discovery signaling. 
As discovery signaling is to reach UEs throughout the whole cell different strategies are needed for its transmission depending on the BS transceiver and antenna architecture, and operating mode. Like discussed in [1] digital transceiver architectures and operating with sector wide beams are typically applicable below 6GHz carrier frequencies while hybrid architectures and operating with more narrow RF beams are applicable above 6 GHz but maybe also below 6GHz to provide coverage extension in lower carrier frequencies as well. In both cases certain subframes in periodical manner are used for discovery signaling. In case of sector beam operation, one discovery signal is transmitted per period with full sector coverage while in case of beam based operation discovery signal is transmitted multiple times in beam sweeping manner to provide the full cell coverage (Figure 2). More detailed discussion on frame structure to support beam sweeping based discovery signaling is provided in [2].
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Figure 2 Subframes with discovery signal transmission. 

As noted above sweeping operation is needed at least at higher carrier frequencies to provide coverage throughout the whole cell. Required sweeping and the fact that operating at higher carrier frequencies typically involves non-frequency selective beamforming component (analog part of the hybrid beamforming system) that limits possibilities to multiplex user plane data into downlink sweeping subframes clearly indicate the need for minimizing broadcast type transmissions, in general. That applies for instance to transmission of system information.
Proposal 3: System information transmitted in broadcast manner should be minimized. 
On the contrary to the different possible BS operating modes, it’s seen important from UE complexity point of view that UE’s initial search and access would be BS operating mode agnostic as much as possible. In other words, discovery signal should be designed so that for instance the same search functionality could be used at the UE irrespective of whether sweeping or non-sweeping discovery signal transmission strategy is applied at the BS. 
Proposal 4: Discovery signal design should support operating mode and BS architecture agnostic cell search and access.
Furthermore, several other aspects need to be taken into account in the design of efficient discovery signaling. These are for instance:

· Requirements related to detection time in various use cases and scenarios, e.g. in intra-frequency and inter-frequency cell detection and measurements, unlicensed operation (single-shot detection)
· Coordination and configuration of discovery signal occasions/sweeping subframes among neighboring cells
· Bandwidth of discovery signal to support different system/carrier bandwidths and UE categories
· Scalability across carrier frequencies
· Scalability in terms of number of antenna/beam ports at BS allocated for transmission of discovery signal
2.3. Physical signal and channel structures
Key to fulfil requirements related to flexible system resources usage is to define physical signals and channels in a manner that allows flexible resource allocation controlled by the BS. The main principles are:
· UE specific resource allocation for reference signals
· CSI acquisition signals (downlink CSI-RS, uplink SRS)

· DMRS for dedicated control and data
· Phase noise compensation signals (potentially need to be defined at higher carrier frequencies)

· DMRS based dedicated control and data channel design

· Confine DMRS for the physical channel inside the resource allocation region of the channel
· Define DL and UL physical channels as well as reference signals in block based manner
· Channels and reference signals are constructed by aggregating basic blocks of respective channels and reference signals

· Block definitions may be different for each channel and reference signal (FFS)
· Target is to avoid e.g. defining full bandwidth control channel structures like PDCCH in LTE
Proposal 5: Allocate DMRS and CSI acquisition signals in UE specific manner.
Proposal 6: Confine DMRS for the physical channel inside the resource allocation region of the channel.
Proposal 7: Define downlink and uplink control and data channels as well as reference signals in block based manner.
Figure 3 illustrates an example about confining DMRS for dedicated DL control channel and DMRS for dedicated data channel within their respective resource allocations. Downlink only subframe is assumed with TDMed DL control and DL data channel resource regions.
 
[image: image3.emf]Downlink only subframe

.

.

.

.

.

.

.

.

.

.

.

.

Dedicated DL control channel 

(DL grant)

Dedicated DL data 

channel allocation

DMRS for control channel

Front-loaded DMRS for 

data channel

time

f

r

e

q

.


Figure 3 Demodulation reference signal allocation strategy for dedicated control and data. 
Figure 4 illustrates asymmetric blanking of system resources. It can be performed by the BS in flexible manner, both in higher layer configuration or simply via scheduling, thanks to block based definition and construction capability of DL and UL channels as well as reference signals. A bi-directional subframe with one symbol DL and UL control regions and downlink data portion in NR TDD system is depicted in the example.

[image: image4.emf]Blanked system resources via scheduling

0 1 2 3 4 5 6 7 8 9 10 11 12 13

DL CTRL and RS 

resource block

UL CTRL and RS 

Resource block

DL DATA RS 

resource block

Subframe with DL and UL control, and DL data

S

y

s

t

e

m

/

c

a

r

r

i

e

r

 

b

a

n

d

w

i

d

t

h

OFDM symbols

DL DATA 

resource block

DL control 

channel 

allocation 

region

UL control 

channel 

allocation 

region

UE 1 

DL control

UE 1 

DL data

UE 2 

UL control

GP


Figure 4 Flexible system resource usage enabled by block based channel and reference signal design.
3
Conclusion
In this contribution we have discussed about main technology components for forward compatible frame structure design in NR. Targets in the design are to minimize always-on signaling and to enable flexible system resource usage both in downlink and uplink. Main components are efficient discovery signaling, decoupling signals for processing of common control and dedicated signaling, and resource block based dedicated control, reference signal and dedicated physical channel design.
Based on discussion in this contribution the following observation and proposals are made:
Observation 1: Continuously transmitted cell-specific reference signal transmissions and coupling common control plane and user plane plane processing (i.e. usage of CRS for both) should be avoided when designing NR.
Proposal 1: Efficient discovery signaling together with cell on/off mechanism should be basis for NR design.

Proposal 2: Reference signals used for dedicated control and data channel processing should be decoupled from reference signals used for processing common control signaling.
Proposal 3: System information transmitted in broadcast manner should be minimized.
Proposal 4: Discovery signal design should support operating mode and BS architecture agnostic cell search and access.

Proposal 5: Allocate DMRS and CSI acquisition signals in UE specific manner.

Proposal 6: Confine demodulation RS inside the allocation area of data channel.

Proposal 7: Define downlink and uplink control channels, data channels and reference signals in block based manner. 
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