
3GPP TSG RAN WG1 Meeting #87	R1-1611221
Reno, Nevada, USA, Nov 14 - 18, 2016

Agenda Item:	7.1.4.4
Source:	Huawei, HiSilicon
Title:	Control channel design for URLLC
Document for:	Discussion and decision

Introduction
Ultra reliable and low latency communication (URLLC) is identified as one of the three usage scenarios envisioned for IMT-2020 (“5G”) system. The necessity and performance requirement of control channels for URLLC was discussed in [1]. In this contribution, we provide some further analysis on the reliability requirement of the control channels. In addition, we discussed several potential ways to improve the control channel reliability. Some details on DCI format design are also provided.
Discussion
[bookmark: _Ref129681832]Control channel reliability requirement
The reliability requirement for control channels carrying DL assignment and ACK/NACK feedback were studied in [1]. In the following, some further analysis are provided. 
Control channel carrying DL assignment 
Assuming single shot transmission, the error probability can be calculated as follows

Where  and  are the error probability of DL assignment and single shot data transmission respectively. Assuming the DL assignment has one order higher reliability requirement than the DL data channel, i.e.,, .
Assuming two shot transmissions, the error probability can be calculated as follows

Where  is the residual error of the data channel with two shot transmission. Since HARQ combining can be done for the initial transmission and retransmission, it is clear that. Assuming the residual error with one retransmission is  times lower than the error probability with one shot transmission [2], i.e. . As an example, if, in order to ensure,  with different assumptions of  can be calculated as follows
· 
· 
· 
It can be seen that the reliability requirement for the initial transmission can be relaxed with two shot transmissions. It can also be observed that there is a tradeoff between the reliability requirement of control channel and data channel, i.e. when the control channel reliability is increased, the data channel reliability can be relaxed. This implies that in order to improve the resource utilization, it is preferred that the control channel reliability should be relatively higher so that the BLER target for the initial transmission can be relaxed. In any case, the reliability for the DL assignment should be increased compared to current LTE requirement (1%). Moreover, as proposed in [3], both single shot and HARQ retransmissions should be supported. Therefore, the design target for the DL assignment should at least meet 99.999% reliability requirement in order to support single shot transmission case.
Observation 1: The reliability requirement for the DL assignment should exceed 99.999% in order to support single shot transmission. 
Control channel carrying ACK/NACK feedback
As indicated in [1], there are two different kinds of ACK/NACK errors: ACK missed detection and NACK to ACK error. The ACK missed detection results in unnecessary data retransmissions and has limited impact to reliability. On the other hand, the NACK to ACK error will lead to RLC retransmission which could incur a delay of tens of milliseconds. However, it should be noted that the NACK to ACK error only happens when there data channel is not correctly decoded. As an example, if the error probability of data channel is 1%, the requirement of NACK to ACK error in LTE (0.1%) could still be acceptable.
Observation 2: The requirement of NACK to ACK error is dependent on data channel reliability.
Potential ways to increase the reliability
In order to improve the DL control channel reliability, the following options can be considered.
Opt 1: Reduce the DCI payload size 
Opt 1 is the most straightforward and effective solution. The link-level performance for the DL control channel with different assumptions on DCI payload sizes is provided in the Appendix. It can be seen from Figure 2 that the required SINR to reach 0.1% BLER for 24 bits is about 3~5dB lower than 48 bits for different aggregation levels. More detailed discussion on DCI format design for URLLC is provided in the next section.
Opt 2: Allocate more time-frequency resources 
Opt 2 essentially resorts to allocating more resources so that the effective coding rate can be decreased. In LTE, this can be achieved by utilizing higher aggregation levels (AL) for (E)PDCCH. In NR, it was agreed that the DL control channel will be mapped to one or more NR-CCEs which is similar to the (E)CCE for (E)PDCCH. Hence, one possible solution is to reuse the AL concept for NR. In particular, one could configure a group of higher ALs for URLLC DL control channels. It should be noted that the total number of blind detection attempts should be considered in order to keep reasonable UE complexity. 
Opt 3: Exploit the multi-path diversity, e.g. spatial/frequency/Carrier
Multi-path diversity can be exploited in different ways and the specification impact could be different. 
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Figure 1 Multi-path diversity: (a) Frequency diversity; (b) Spatial diversity; (c) Multi-carrier diversity
· To exploit frequency diversity, it is possible to map the DL control channel to the frequency band in a distributed manner as in Figure 1 (a), e.g. same as PDCCH or distributed EPDCCH. This can be achieved by distributing the search space in frequency (as shown in the Figure 1 (a)) and/or distributed resource mapping of NR-CCE.
· To exploit spatial diversity, it is possible to transmit the same DL control information with different beams as shown in Figure 1 (b). In case analog beamforming is applied, the DL control information is transmitted using different beams at different time instances. 
· To exploit the diversity from multiple carriers, it is possible to transmit the same DL control information on different carriers for one UE as shown in Figure (c). This requires UE capability of supporting multiple carriers in DL. 
From specification point of view, for later two alternatives one could define multiple search spaces for one UE and the same DCI will be transmitted in each search space. The search space is still defined as a set of decoding candidates on a given frequency portion from one specific beam on a certain carrier. The same DCI can be transmitted in each search space with same or different transmission scheme and/or aggregation level. However, the combination of different decoding candidates on multiple search spaces should be properly defined in order to reduce the number of hypothetic detection and possible combining at the UE.
The three options listed above are potential ways to improve the control channel reliability from different perspectives. Opt 1 strives for smaller payload while opt 2 and opt 3 rely on introducing redundancy and/or diversity. Nevertheless, a spectrum efficient design should still be pursued.
Proposal 1: Strive for a reliable and spectrum efficient DL control channel considering the following options
· Opt 1: Reduce the DCI payload size 
· Opt 2: Allocate more time-frequency resources 
· Opt 3: Exploit the multi-path diversity, e.g. spatial/frequency/carrier
Considerations on DCI format design
As shown from Figure 2, reducing the DCI payload size is an efficient way to improve the robustness of the DL control channel. In the following we discussed the feasibility of reducing the DCI payload. For URLLC, it is preferable to allocate a larger bandwidth to each UE so that each packet can be delivered as soon as possible. This is also beneficial to achieve the high reliability requirement with low code rate transmissions. Besides, the typical packet size for URLLC traffic is generally smaller than eMBB. Hence it is possible to define a limited set of transport block sizes for URLLC. 
Based on the above analysis, a compact DCI format can be considered targeting URLLC use case where a set of condensed scheduling information is conveyed, e.g. limited TB sizes and BW allocation.
Proposal 2: A compact DCI format can be considered targeting URLLC where a set of condensed scheduling information is conveyed.
On a higher level, the information content of the DCI can be divided into two categories: the first category consists of control information that relates to DL data reception directly, i.e. the UE needs to know this information in order to perform data demodulation and decoding. For URLLC, it will be beneficial for the UE to acquire this information at the earliest possible time so that the data detection can start accordingly. This category can include the time-frequency resource allocation of data, HARQ process ID, NDI, MCS, redundancy version, etc. The second category consists of the rest of the control information that does not relate to data reception directly. This category can include TPC for UL control channel, ACK/NACK timing/resource, SRS request, etc. In general, the reliability requirement of the second category can be more relaxed compared to the first category since there is no direct impact on data channel detection. It should be noted that the required SINR(s) to ensure different reliability targets are quite different. As shown in Figure 2, there is around 4dB difference between 1e-3 and 1e-5 BLER for a DCI payload size of 24 bits with AL 1.
Based on the above analysis, one could consider splitting the DCI into two parts. The first part consists of the control information that relates to data reception directly and will be transmitted at the beginning of each scheduling interval. The second part consists of the control information that does not related to data reception directly and will be transmitted during or at the end of the data transmission. The second part can be separately or jointly encoded with the data hence the reliability can be optimized differently.
Proposal 3: A split DCI format design can be considered for URLLC.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we provide our view on the control channel design aspects for URLLC and have the following observation and proposals
Observation 1: The reliability requirement for the DL assignment should exceed 99.999% in order to support single shot transmission. 
Observation 2: The requirement of NACK to ACK error is dependent on data channel reliability.
[bookmark: _GoBack]Proposal 1: Strive for a reliable and spectrum efficient DL control channel considering the following three options
· Opt 1: Reduce the DCI payload size 
· Opt 2: Allocate more time-frequency resources 
· Opt 3: Exploit the multi-path diversity, e.g. spatial/frequency/carrier
Proposal 2: A compact DCI format can be considered targeting URLLC where a set of condensed scheduling information is conveyed.
Proposal 3: A split DCI format design can be considered for URLLC.
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Appendix
The link level simulations for the DL control channels are provided in Figure 2. In this simulation, we assume the RS density is 2 REs per PRB for each antenna port. The detailed simulation assumption are provided in Table 1.
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[bookmark: _Ref465841683]Figure 2 DL control channel performance with different payload sizes
[bookmark: _Ref465841706]Table 1 Simulation assumptions 
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Modulation
	QPSK

	System bandwidth
	20MHz

	Sub-carrier spacing
	60kHz

	CP length
	ECP

	TTI length
	0.25ms

	OFDM symbols per TTI
	14

	DCI payload size
	24/48 bits including CRC

	Channel model
	TDL-C, RMS DS 1000ns, 70Hz Doppler

	RS configuration
	2 REs per PRB per antenna port

	BS antenna configuration
	2Tx

	UE antenna elements
	2Rx

	Transmission scheme
	SFBC

	Channel estimation
	Ideal
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