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1 Introduction

In RAN#67, SI on latency reduction techniques for LTE was approved [1]. Based on [1], RAN1 should assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signalling while keeping backward compatibility.
In RAN1#83 meeting, it is agreed that evaluation methodology for latency reduction including link-level simulation assumption [2]. Based on the evaluation assumption, we provide our link-level simulation results and relevant observations/proposals on CRS based PDCCH transmission with TTI shortening.
2 Evaluation scenarios for CRS based sPDCCH transmission
In this contribution, the performance of sPDCCH (i.e., shortened PDCCH) based on CRS is evaluated where sPDCCH is located within sTTI (i.e., shortened TTI). Regarding demodulation RS of sPDCCH, it is natural to consider to use CRS for sPDCCH demodulation since it does not require additional RS overhead and sufficient channel estimation accuracy is expected. For CRS based sPDCCH transmission, SFBC is used when the number of TX antenna ports is two. 
In terms of time and frequency sPDCCH resource within sTTI, we evaluated on following cases. Examples of each case of sPDCCH resource are illustrated in Figure 1 and 2.
· OFDM symbol resource (time resource)

· sTTI length: 3 OFDM symbols, sPDCCH length: 1 OFDM symbol

· sTTI length: 3 OFDM symbols, sPDCCH length: 3 OFDM symbols

· sTTI length: 7 OFDM symbols, sPDCCH length: 2 OFDM symbols

· sTTI length: 7 OFDM symbols, sPDCCH length: 7 OFDM symbols

· PRB resource  (frequency resource)

· Localized PRB resource mapping
· Distributed PRB resource mapping
sPDCCH length means the number of OFDM symbol resource within sTTI for sPDCCH monitoring (i.e., OFDM symbol resource that sPDCCH can be transmitted). sPDCCH OFDM symbols can be a part of sTTI OFDM symbols or the entire OFDM symbols within sTTI. 
Considering multiplexing aspects between ‘sPDCCH and legacy PDSCH’ and/or ‘sPDCCH and sPDSCH (i.e., shortened PDSCH)’, it is considerable to restrict sPDCCH PRB resource within sTTI. Then, we evaluated two PRB mapping options, one is localized PRB resource mapping and the other one is distributed PRB resource mapping. For evaluation of distributed PRB resource mapping, we assumed that PRBs for sPDCCH transmission are distributed within three frequency regions, rather than sPDCCH PRBs are distributed over the entire system bandwidth.
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(a) 1 symbol sPDCCH region                                            (b) 3 symbols sPDCCH region

Figure 1. Examples of sPDCCH transmission with 3 symbols sTTI
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(a) 2 symbols sPDCCH region                                           (b) 7 symbols sPDCCH region

Figure 2. Examples of sPDCCH transmission with 7 symbols sTTI

3 Evaluation results
Based on the evaluation assumption in the last meeting [2], we obtained BLER performance of sPDCCH for various cases described in Section 2. Figure 3 shows sPDCCH performance with 3 symbols sTTI length and 1 symbol sPDCCH length. Simulation results for other cases of sTTI length and sPDCCH OFDM length are shown in Figure 4 ~ 7 in Annex B.

In the evaluation, sPDCCH with aggregation level ’L’ is transmitted using 36xL REs except CRS resource. For channel estimation of sPDCCH within a sTTI, CRS REs located within the OFDM symbol #0 ~ OFDM symbol #n were utilized, where OFDM symbol #n is the last OFDM symbol of the sTTI. Detailed evaluation assumptions are summarized in Table 1 in Annex A.
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(b) ETU 60km/h

Figure 3. sPDCCH performance with 3 symbols sTTI length, 1 symbol sPDCCH region

Comparing the performance of localized PRB mapping and distributed PRB mapping, we observe that frequency diversity gain can be obtained using distributed PRB mapping compared to localized PRB mapping. 
Observation 1: Distributed PRB mapping shows higher performance compared to localized PRB mapping.

If we consider multiplexing aspects between ‘sPDCCH and legacy PDSCH’ and/or ‘sPDCCH and sPDCCH, PRB resources for sPDCCH transmission needs to be restricted. Even if distributed PRB resource can obtain diversity gain, the location of sPDCCH PRB resource needs to be determined considering frequency diversity gain and multiplexing with other channels. Therefore, to provide eNodeB flexibility, we would suggest that PRB resource for sPDCCH monitoring is configured by eNodeB, and the configuration is UE-specific similar to EPDCCH PRB-set configuration.
Proposal 1: PRB resource for shortened PDCCH should be configurable.
4 Conclusion 

In this contribution, we provide our simulation results and discussed on CRS based PDCCH transmission with TTI shortening. Based on the result, we obtained following observations and proposals.
Observation 1: Distributed PRB mapping shows higher performance compared to localized PRB mapping.

Proposal 1: PRB resource for shortened PDCCH should be configurable.
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Annex A
Table 1. Evaluation assumptions on CRS based PDCCH with TTI shortening
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	3/7 symbols

	Channel model and UE speed
	EPA 3km/h, ETU 60km/h

	Antenna configuration
	2Tx(eNB), 2Rx(UE)

	Payload size
	40bits

	CP length
	Normal

	Number of OFDM symbols for shortened (E)PDCCH
	1/3 symbols for 3 symbols TTI length 
2/7 symbols for 7 symbols TTI length

	Receiver type
	MMSE

	Channel estimation
	Practical

	Performance metrics
	BLER


Annex B
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(b) ETU 60km/h

Figure 4. sPDCCH performance with 3 symbols sTTI length, 3 symbols sPDCCH region
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(b) ETU 60km/h

Figure 5. sPDCCH performance with 7 symbols sTTI length, 2 symbols sPDCCH region

[image: image9.png]BLER

1.00E:00

100E01

100E02

—e—TT:

, SPDCCH sym: 7, PRB: localized, AL: 1
—e—TTI: 7, PDCCH sym: 7, PRB: localized, AL: 2
& TTI: 7, SPDCCH sym: 7, PRB: localized, AL: 4
—e—TTI: 7, SPDCCH sym: 7, PRB: localized, AL: 8

-4 TT1:7, SPDCCH sym: 7, PRB: distributed, AL: 1

—~—TTI:7, sPDCCH sym: 7, PRB: distributed, AL: 2

T

o TTE




(a) EPA 3km/h

[image: image10.png]BLER

100E01

100E02

—e—TT:

—e—TTI

—e— T

—e—TT:

T

T

T

T

, SPDCCH sym: 7, PRB: localized, AL: 1

17, SPDCCH sym: 7, PRB: localized, AL: 2

17, SPDCCH sym: 7, PRB: localized, AL: 4

7, PDCCH sym: 7, PRB: localized, AL: 8
7, PDCCH sym:
7, PDCCH sym:

7, SPDCCH sym:

7, SPDCCH sym:
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Figure 6. sPDCCH performance with 7 symbols sTTI length, 7 symbols sPDCCH region
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