Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #85
R1-165160           
Nanjing, China, 23rd - 27th May 2016
Agenda Item:
7.1.1
Source: 
MediaTek Inc.
Title:  
Discussion on Forward Compatible System Design for NR
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 following design principles have been agreed to ensure forward compatibility and compatibility of different features, as extracted below [2]:

	· 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


In this contribution, we provides more details on forward compatible system design, following the high level discussion for overview of 5G system presented in [3].  
2 Discussion
2.1 Multiplexing of different services with same/different numerologies
For different services, the service requirements can be quite diverse. In particular, it may cause the different numerology to support the different services for efficient transmission. For example, the URLLC characterized by the low latency may prefer the large subcarrier spacing for the data transmission with the shorter subframe length, whereas mMTC characterized by the delay tolerant may prefer the small subcarrier spacing with the longer symbol length for coverage extension by concentrating the power at a narrower bandwidth. 
Thus, one of the issues to address for multiple services multiplexing is how to support multiplexing of different numerology in a flexible and scalable approach. In general there are a few options for consideration:

· TDM approach
For time domain multiplexing of different numerologies, the advantage is that there is less inter-subcarrier interference issue between numerologies. However, it may increase the latency for each service multiplexed in TDM. This may not be acceptable for the latency sensitive services such as URLLC supposing the traffic arrival is uncertain. In case URLLC traffic arrival is predictable or predefined, TDM could be considered by reserving the corresponding time resources for URLLC transmission. In case of multiplexing of eMBB and mMTC with same or different numerologies, the 4ms user plane latency requirement for eMBB may need to be taken into account when reserving the amount of time resources for mMTC transmission. mMTC with coverage extension will likely require a large number of repetitions in time domain, which may make interval of eMBB transmissions longer with more complexity in the system design and more challenges for eMBB to achieve the latency requirements.

Observation 1: Feasibility for multiplexing of eMBB/URLLC and mMTC with same or different numerologies in TDM should be carefully evaluated in terms of the complexity and latency.
For multiplexing between eMBB and URLLC, it seems feasible to allow URLCC using the same numerology as eMBB with only the difference on the number of symbols for a TB transmission. In this case, eMBB and URLLC are sharing the same amount of resource by dynamic scheduling. However it is unclear on the need of support multiplexing eMBB and URLLC with different numerologies in TDM due to additional signalling overhead for dynamic numerology indication and the potential longer access latency. 
Observation 2: Multiplexing of eMBB and URLLC with same numerology in TDM seems feasible
Observation 3: Feasibility for multiplexing of eMBB and URLLC with different numerologies in TDM may need further study.
· FDM approach
For FDM approach, the inter-subcarrier interference is one issue to address. Considering ongoing waveform study, this issue seems to be addressed and solved. For FDM operation, there will be less impact on the latency for each multiplexed service. From UE perspective, it is also desirable to receive/transmit the signal/data within the narrow bandwidth for power saving, especially in case the data volume is not quite huge. 
Observation 4: Narrow-band operation is beneficial for service multiplexing in FDM and UE power consumption.

Moreover, for downlink it is unclear whether there is the need to support multiplexing of different numerology in FDM. For latency reduction, the subframe length comprising of the fewer symbols can also achieve the requirement instead of using the shorter symbol length with the larger subcarrier spacing. For spectrum efficiency, usage of different numerology seem not causing any big difference due to eNB transmission power across the whole system bandwidth. So it seems no clear benefit for multiplexing of different numerology in downlink. On the other hand, multiplexing of different numerologies in downlink may make UE processing more complicated and spectrum efficiency lower. From system design, considering the forward compatibility probably the capability of multiplexing different numerologies in FDM could be supported.

Observation 5: Multiplexing of different numerologies in FDM in downlink should be further studied.

However, in uplink FDM between eMBB and mMTC with different numerology seems necessary considering the different coverage requirements. For example, eMBB may use the 15Khz subcarrier spacing whereas mMTC can use the 3.75Khz for uplink transmission.

Observation 6: Multiplexing of different numerologies in FDM in uplink should be supported.
According to the abovementioned discussion and observations, the following proposals are provided for consideration:

Proposal 1: The need and requirements on support of TDM multiplexing with different numerologies should be carefully evaluated.

Proposal 2: The use cases of FDM multiplexing with different numerologies in downlink can be studied.

Proposal 3: FDM multiplexing with different numerologies in uplink can be supported.
2.2 Minimization of always-on signal transmission
To support forward compatibility and compatibility of different features, it is desirable to minimize the transmission of always-on signals in time and frequency domains. In the legacy system, CRS signal is almost transmitted all the time for the purposes of demodulation, CSI measurement and RRM measurement. Thus, in NR the reference signal should be able to avoid always-on transmission while maintaining the performance in terms of demodulation, CSI measurement and RRM measurement.
For demodulation, the wide-band CRS transmission is beneficial for channel estimation, accordingly improving the performance. However, the gain with the wider bandwidth for CRS transmission is getting marginal beyond a threshold for CRS transmission bandwidth, e.g., from 3MHz to 20MHz. Such threshold setting may also depend on the channel condition and Doppler spread. Thus, the minimum bandwidth for CRS transmission should be evaluated and determined for flexible multiplexing and decent performance in the target scenarios.
Proposal 4: Reference signal in NR should avoid always-on transmission while maintaining the performance in terms of demodulation, CSI measurement and RRM measurement.
On the other hand, the smaller bandwidth for UE operation is beneficial to save the power for the longer battery life with the lower sampling rate. Considering the much higher peak data rate and user experienced data in IMT-2020 requirements, the support of the large bandwidth is needed especially in case of large volume of data for transmission. Therefore, the wide bandwidth operation should be performed only if necessary. In most of cases with inactive transmission or low data, it is desirable for UE to still operate in a narrower bandwidth for low power consumption even though the system bandwidth can be up to hundreds of MHz. Therefore, the mechanism to support the flexible narrow/wide band operation should be studied considering UE energy efficiency. Besides, the narrow band operation can also allow eNB to schedule the multiple UEs simultaneously to exploit scheduling diversity gain. Slightly different than LTE, such narrow-band scheduling may prefer UE to be scheduled in a confined region rather than the distributed resources across the whole system bandwidth.

Proposal 5: The mechanism to support the narrow band operation within the system bandwidth should be studied
2.3 Narrow-band operation 

As discussed above, one of the potential solutions for forward compatibility is to support the narrow-band operation with flexible multiplexing and reduced UE power consumption, as illustrated in Figure 1. For example, the whole system bandwidth (e.g., 100Mhz) can consist of multiple 3MHz or 5Mhz narrow-bands.  Depending on the traffic and system capacity, the UE can be only configured to receive data/control within one or multiple (contiguous) narrow-bands (with the same numerology). For resource allocation within each narrow-band, it is similar to the existing LTE system operation. 

The narrow-band can be taken as the minimum granularity for configuration of different numerologies for multiplexing. As shown in Figure 1, NB #3 with 60Khz subcarrier spacing is configured differently than NB #1 and NB#2 with 15Khz subcarrier spacing.
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Figure 1. Illustration of narrow-band operation in NR

For demodulation and CSI measurement, the signal and data transmission can be restricted within the narrow-band for UE. Furthermore, the UE specific reference signal and data transmission can be associated with the resources allocated for the UE within the narrow-band. For RRM measurement, UE can autonomously operate in the wider bandwidth to measure on the resources including cell synchronization signals. Moreover, the requirement for cell search could be relaxed for UE power saving, similarly to existing cell search requirements with more layers but relaxed requirements in LTE.
Proposal 6: Flexible narrow-band operation within system bandwidth for UE should be supported to enable flexible service/numerology multiplexing in FDM for forward compatibility. 
3 Discussion
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: Feasibility for multiplexing of eMBB/URLLC and mMTC with same or different numerologies in TDM should be carefully evaluated in terms of the complexity and latency.

Observation 2: Multiplexing of eMBB and URLLC with same numerology in TDM seems feasible

Observation 3: Feasibility for multiplexing of eMBB and URLLC with different numerologies in TDM may need further study.

Observation 4: Narrow-band operation is beneficial for service multiplexing in FDM and UE power consumption.

Observation 5: Multiplexing of different numerologies in FDM in downlink should be further studied.

Observation 6: Multiplexing of different numerologies in FDM in uplink should be supported.
Accordingly, the following proposals are given for consideration.
Proposal 1: The need and requirements on support of TDM multiplexing with different numerologies should be carefully evaluated.

Proposal 2: The use cases of FDM multiplexing with different numerologies in downlink can be studied.

Proposal 3: FDM multiplexing with different numerologies in uplink can be supported.

Proposal 4: Reference signal in NR should avoid always-on transmission while maintaining the performance in terms of demodulation, CSI measurement and RRM measurement.
Proposal 5: The mechanism to support the narrow band operation within the system bandwidth should be studied

Proposal 6: Flexible narrow-band operation within system bandwidth for UE should be supported to enable flexible service/numerology multiplexing in FDM for forward compatibility. 
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