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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 the last meeting, regarding non-sTTI and sTTI multiplexing, following agreement was made [2].
	Agreements:
· Following design assumptions are used for the study

· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier

· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features


In this contribution, we discuss about frequency and time resource of sPDCCH and sPDSCH.
2 Frequency resource of sPDCCH and sPDSCH
2.1 Frequency resource of sPDCCH

To discuss frequency-domain resource of sPDCCH, the performance of sPDCCH for two frequency resource mappings is evaluated where sPDCCH is located within sTTI. 
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’, 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

Based on the evaluation assumption [3][4], we obtained BLER performance of sPDCCH for various time/frequency resources. 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.

For evaluation, we considered CRS based sPDCCH transmission, and SFBC is used when the number of TX antenna ports is two. 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 flexibility 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.
2.2 Frequency resource of sPDSCH

Frequency resource allocation of sPDSCH also needs to be discussed. 
In the last meeting, it was agreed that existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier. Then, for explicit FDM among non-sTTI and sTTI, it can be considered that the available PRB resource for sPDSCH allocation can be restricted cell-specifically or UE-specifically. However, it would restrict resource allocation flexibility in eNodeB perspective and frequency diversity gain for both of legacy-TTI UEs and sTTI UEs.
On the other hand, sPDSCH can be allocated within full system bandwidth similar to legacy PDSCH. It can achieve scheduling flexibility and frequency diversity gain, but DCI overhead to allocated sPDSCH could be a burden. Then, some schemes to reduce resource allocation field could be required such as PRB group size increasing.
Proposal 2: Unless significant benefits are demonstrated, assume the entire system bandwidth can be used in resource allocation for sPDSCH scheduling. Further investigation to reduce the resource allocation field size e.g., by considering larger PRB grouping size.
3 sPDCCH and sPDSCH multiplexing
We have CRS based wideband PDCCH and DMRS based narrow band ePDCCH in LTE system. Having the wideband legacy PDCCH region in the first n OFDM symbols, it would be better to fit the first occurring sPDCCH of the every subframe into legacy PDCCH region to minimize unnecessary additional overhead. When sharing legacy PDCCH region between sPDCCH and legacy PDCCH, UE decoding capability needs to be considered as sPDCCH would have tighter decoding latency compared to PDCCH. Furthermore, when both share the same resource, identification on either sPDCCH or PDCCH is also necessary. At least, to share the same resource, it is natural to consider CRS based sPDCCH transmission. Whether to allow sharing between DMRS based sPDCCH and legacy PDCCH needs further investigation in terms of feasibility and benefits.

In other sTTIs which are not overlapped with legacy PDCCH regions, CRS based sPDCCH and DMRS based sPDCCH design can be considered. CRS based sPDCCH offers the benefits of no additional RS overhead as legacy CRS can be used. At the same time, DMRS based sPDCCH can offer better performance by accurate beamforming and MU-MIMO transmissions. Also, DM-RS based sPDCCH would be necessary in case of CoMP scenarios. Also for efficient multiplexing among control and data, among different UEs, and among inter-cells, even if CRS based sPDCCH is used, it is essential to allow configuration of PRBs where control channel can be transmitted per UE. 

Proposal 3: In the first sTTI, consider sharing the same legacy PDCCH region between sPDCCH and PDCCH.  
Regarding OFDM symbol resource of sPDCCH and sPDSCH, TDM and FDM between control and data can be discussed.
· TDM between sPDCCH and sPDSCH

In terms of latency minimization, it would be more natural to consider TDM, i.e., control will be placed in the first one or two OFDM symbols of each sTTI. When TDM is applied, there are some points needs to be further investigated.
Even if sPDCCH and sPDSCH are TDMed, sPDCCH may not be transmitted using all frequency resources where sPDSCH is allocated. In this case, it would be questionable that where is the starting OFDM symbol location for sPDSCH transmission. Assuming that sPDCCH is transmitted using the first OFDM symbol of sTTI, sPDSCH can be transmitted from the second OFDM symbol always. On the other hand, to utilize resources efficiently, it can be considered to transmit sPDSCH from the first OFDM symbol in frequency resources which is not occupied by sPDSCH. Hence, further study on starting OFDM symbol location of sPDSCH seems required.
If DMRS based sPDCCH and DMRS based sPDSCH is TDMed, DMRS sharing among sPDCCH and sPDSCH can be considered to reduce DMRS overhead. For DMRS sharing, many issues should be discussed such as DMRS OFDM symbol location, antenna port(s) allocation, impacts on sPDCCH/sPDSCH performance, etc.
· FDM between sPDCCH and sPDSCH

For DMRS based sPDCCH design, TDM between control and data becomes somewhat challenging due to the complication of DMRS structure over one or two OFDM symbols. Also, high DMRS overhead to achieve enough channel estimation performance would reduce sPDCCH resource and performance. In our companion contribution [5], it was observed that DMRS based sPDCCH using the entire OFDM symbols within a sTTI can obtain better performance compared to sPDCCH using a part of OFDM symbols within a sTTI. Thus, we think FDM between control and data should be considered in case of DMRS based sPDCCH design.
Proposal 4: In case of CRS based sPDCCH design, consider TDM between control and data. In case DM-RS based sPDCCH design, consider FDM between control and data. 

4 Conclusion 

In this contribution, we discussed on frequency and time resource of sPDCCH and sPDSCH and obtained following observation 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.
Proposal 2: Unless significant benefits are demonstrated, assume the entire system bandwidth can be used in resource allocation for sPDSCH scheduling. Further investigation to reduce the resource allocation field size e.g., by considering larger PRB grouping size.

Proposal 3: In the first sTTI, consider sharing the same legacy PDCCH region between sPDCCH and PDCCH.  

Proposal 4: In case of CRS based sPDCCH design, consider TDM between control and data. In case DM-RS based sPDCCH design, consider FDM between control and data. 
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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

[image: image5.png]BLER

1.00E:00

100E01

100E02

—e—TT:

, SPDCCH sym: 3, PRB: localized, AL: 1
—e—TTI: 3, SPDCCH sym: 3, PRB: localized, AL: 2
& TTI: 3, SPDCCH sym: 3, PRB: localized, AL: 4
—e—TTI: 3, SPDCCH sym: 3, PRB: localized, AL: 8

-4 TTI: 3, SPDCCH sym: 3, PRB: distributed, AL: 1

—-+—TTI: 3, sPDCCH sym: 3, PRB: distributed, AL: 2

T

o TTE




(a) EPA 3km/h

[image: image6.png]BLER

1.00E:00
==

100E01

100E02

—e—TT:

, SPDCCH sym: 3, PRB: localized, AL: 1
—e—TTI: 3, SPDCCH sym: 3, PRB: localized, AL: 2
—@—TTI: 3, SPDCCH sym: 3, PRB: localized, AL: 4
—e—TTI: 3, SPDCCH sym: 3, PRB: localized, AL: 8
— =TT istributed, AL: 1

T

T

-4 TTI: 3, SPDCCH sym: 3, PRB: distributed, AL: 8




(b) ETU 60km/h

Figure 4. sPDCCH performance with 3 symbols sTTI length, 3 symbols sPDCCH region
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Figure 5. sPDCCH performance with 7 symbols sTTI length, 2 symbols sPDCCH region
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Figure 6. sPDCCH performance with 7 symbols sTTI length, 7 symbols sPDCCH region
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