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1 Introduction

BeiDou Navigation Satellite System (BDS), when fully deployed, consists of five Geostationary Earth Orbit (GEO) satellites, twenty-seven Medium Earth Orbit (MEO) satellites and three Inclined Geosynchronous Satellite Orbit (IGSO) satellites [1]. Current GNSS minimum performance requirements are defined with the availability of various assistance data information and messages [TS 25.172, TS 36.171], which so far does not include GNSS-DataBitAssistance. Unlike other GNSSs, BDS has two formats for broadcasting navigation (NAV) messages: Format  D1 has the data rate of 50 bps, which is broadcasted by the MEO/IGSO satellites, while  Format  D2 has the data rate of 500 bps, is broadcasted by the GEO satellites. Thus, whether GNSS-DataBitAssistance assistance data information is provided can have different impact on the signal detection of different BDS satellites. In this paper, we provide our view on possible solution for this issue. 
2 Discussion
Currently, A-GNSS minimum performance requirements contain the following cases [TS 25.172, TS 36.171: 
· Sensitivity

· Coarse time assistance

· Fine time assistance

· Nominal Accuracy

· Dynamic Range

· Multi-Path scenario

· Moving scenario and periodic update
These performance requirements are defined based on availability of certain assistance data information and messages as shown in Table 1.
Table 1: Assistance Data to be provided to the UE [TS 36.171]
	Assistance Data IE supported by UE
	Mode used in test case

	
	UE-based
	UE-assisted,

GNSS-AcquisitionAssistance supported by UE
	UE-assisted,

GNSS-AcquisitionAssistance not supported by UE

	GNSS-Reference Time
	Yes
	Yes
	Yes

	GNSS-ReferenceLocation
	Yes
	No
	Yes

	GNSS-IonosphericModel
	Yes
	No
	No

	GNSS-TimeModelList
	Yes(1)
	No
	Yes(1)

	GNSS-NavigationModel
	Yes
	No
	Yes

	GNSS-AcquisitionAssistance
	No
	Yes
	No

	GNSS-Almanac
	No
	No
	Yes

	GNSS-UTC-Model
	Yes(3)
	Yes(3)
	Yes(3)

	GNSS-AuxiliaryInformation
	Yes(2)
	Yes(2)
	Yes(2)

	NOTE 1: In case more than a single GNSS is supported by the UE.

NOTE 2: In case the UE supports GLONASS, or more than one GNSS signal.
NOTE 3: In case more than a single GNSS is supported by the UE and the UE supports GLONASS.


Generally, a GNSS receiver performs coherent signal detection operation (or a search for a GNSS satellite signal) for a satellite in a 1ms duration, which is the length of GNSS pseudorandom noise code cycle. Under normal working conditions 1ms coherent signal detection duration is longer enough for the detection of a GNSS satellite signal, e.g., in an outdoor environment. To detect weaker GNSS satellite signals, such as indoor environment, 1ms signal detection is usually not longer enough. An longer signal detection duration, either coherent or non-coherent signal, will be needed to detect weaker satellite signals.  A non-coherent signal detection longer than 1ms is done by the accumulation of the 1ms coherent signal detection (correlation) results non-coherently. A coherent signal detection longer than 1ms can be performed if GNSS-DataBitAssistance is available and/or the GNSS time is known precisely by the GNSS receiver. 
If GNSS time is known precisely, a GNSS receiver may only perform a coherent GNSS signal detection process up to the duration of data bit (e.g., 20ms for GPS and BDS with Format  D1, 2ms for BDS with Format D2).  If GNSS time is known precisely and also GNSS-DataBitAssistance, a GNSS receiver will be able to perform a coherent GNSS signal detection process exceeding the duration of data bit with the data wipe-off approach. 

Current GNSS minimum performance requirements are defined with the availability of various assistance data information and messages [TS 25.172, TS 36.171], which so far does not include GNSS-DataBitAssistance. Unlike other GNSSs, BDS has two formats for broadcasting navigation (NAV) messages: Format  D1 has the data rate of 50 bps, which is broadcasted by the MEO/IGSO satellites, while  Format  D2 has the data rate of 500 bps, is broadcasted by the GEO satellites.
All current GNSS requirements, except the Sensitivity with fine time assistance, only coarse time assistance. For these requirements, GNSS-DataBitAssistance is not useful under the assumption that the GNSS receiver does not have the precise GNSS time. Thus, for these performance requirements, NVA bit rates do not have impact on the performance requirements. In another word, the same requirements can be applied to all BDS satellites with Format  D1 or Format D2.

Observation 1: All existing GNSS requirements, except the Sensitivity with fine time assistance, are aided with only coarse time assistance. There is no need to consider the differences in the NAV dates for BDS satellites with only coarse time assistance.
Currently, both TS 25.172 and TS 36.171 contain the minimum performance requirements specific for receiver sensitivity with fine time assistance. However, the requirements are still defined without the use of the GNSS-DataBitAssistance. Depending on the implementation of a GNSS receiver, the receiver with precise GPS timing may perform coherent detection with the durations up to the NAV data bit duration in order to increase the receiver sensitivity. For all GNSSs, except BDS, the NAV data bit rate is the same for all satellites. Thus, there is no need to provide  GNSS-DataBitAssistance if it is assume that the coherent detection is limited to the same duration, e.g., 20ms. 
Observation 2: Existing GNSS Sensitivity requirements with fine time assistance are defined without GNSS-DataBitAssistance. The limitation of coherent detection duration is the same since the same NAV data rate is used for all satellites.

Unlike other GNSSs, BDS has two formats for broadcasting navigation (NAV) messages: Format  D1 has the data rate of 50 bps, which is broadcasted by the MEO/IGSO satellites, while  Format  D2 has the data rate of 500 bps, is broadcasted by the GEO satellites. Thus, whether GNSS-DataBitAssistance assistance data information is provided can have different impact on GNSS Sensitivity requirements with fine time assistance for different BDS satellites. There can be a number of options to deal with this issue:
· Option 1: Do not include GNSS-DataBitAssistance in the Assistance Data, and define the BDS Sensitivity performance with fine time assistance based on the assumption that the coherent signal detection does not exceed the smaller duration of a data bit of Format D1 and Format D2;
· Option 2: Do not include GNSS-DataBitAssistance in the Assistance Data, and define the BDS Sensitivity performance with fine time assistance based on the assumption that the coherent signal detection does not exceed the duration of a data bit of corresponding satellites. In another word, the performance requirements for MEO/IGSO and GEO satellites may be defined differently;

· Option 3: Include GNSS-DataBitAssistance in the Assistance Data, and define the BDS Sensitivity performance with fine time assistance based on the assumption that the receiver performs the coherent signal detection exceeding the duration of a data bit of the satellites. In this case, there will be no need to define the performance requirements for MEO/IGSO and GEO satellites separately. But, there may be a need to make a assumption on the coherent detection time when defining the requirements.
Any of above options seems to be feasible for defining the BDS requirements. Relatively speaking, Option 1 may be the simplest one to define; Option 2 may be more practical since it can distinguish the UE’s capability to utilize the difference of the satellites signal differences in the receiver design; and Option 3 may be more useful to explore the UE’s capability to use GNSS-DataBitAssistance to detect weaker BDS signals.
3 Summary 

In this paper, we discussed whether to include GNSS-DataBitAssistance for BDS performance requirements. The analysis shows that for All existing GNSS requirements, except the Sensitivity with fine time assistance, are aided with only coarse time assistance. There is no need to consider the differences in the NAV dates for BDS satellites with only coarse time assistance. 
For BDS Sensitivity requirements with fine time assistance, we may have the following options: 
· Option 1: Do not include GNSS-DataBitAssistance in the Assistance Data, and define the BDS Sensitivity performance with fine time assistance based on the assumption that the coherent signal detection does not exceed the smaller duration of a data bit of Format D1 and Format D2;

· Option 2: Do not include GNSS-DataBitAssistance in the Assistance Data, and define the BDS Sensitivity performance with fine time assistance based on the assumption that the coherent signal detection does not exceed the duration of a data bit of corresponding satellites. In another word, the performance requirements for MEO/IGSO and GEO satellites may be defined differently;

· Option 3: Include GNSS-DataBitAssistance in the Assistance Data, and define the BDS Sensitivity performance with fine time assistance based on the assumption that the receiver performs the coherent signal detection exceeding the duration of a data bit of the satellites. In this case, there will be no need to define the performance requirements for MEO/IGSO and GEO satellites separately. But, there may be a need to make a assumption on the coherent detection time when defining the requirements.
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