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[bookmark: _Toc153134125][bookmark: _Toc138878552][bookmark: _Toc138878496][bookmark: _Toc137571992][bookmark: _Toc130322685][bookmark: _Toc101786319][bookmark: _Hlk158967029]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	ECC Decision (20)02: "Harmonised use of the paired frequency bands 874.4-880.0 MHz and 919.4-925.0 MHz and of the unpaired frequency band 1900-1910 MHz for Railway Mobile Radio (RMR) ".
[2]	European Commission implementing Decision (EU) 2021/1730 on the harmonised use of the paired frequency bands 874,4-880,0 MHz and 919,4-925,0 MHz and of the unpaired frequency band 1 900-1 910 MHz for Railway Mobile Radio, 28 September 2021.
[3]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
[4]	3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception".
[5]	ECC Report 318, Compatibility between RMR and MFCN in the 900 MHz range, the 1900-1920 MHz band and the 2290-2300 MHz band.
[6]	ECC Report 313; Technical study for co-existence between RMR in the 900 MHz range and other applications in adjacent bands; approved 21 May 2020.
[7]	R4-210431; LS to 3GPP RAN WG4 on the interferer signal definition for the RMR900 BS Rx blocking requirement.
[8]	3GPP TR 37.829: " High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands for Rel-18".
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[bookmark: _Toc153134130][bookmark: _Toc138878557][bookmark: _Toc138878501][bookmark: _Toc137571997][bookmark: _Toc130322690][bookmark: _Toc101786324]4	Regulatory background
[bookmark: startOfAnnexes][bookmark: _Toc101786325][bookmark: _Toc130322691][bookmark: _Toc137571998][bookmark: _Toc138878502][bookmark: _Toc138878558][bookmark: _Toc153134131]4.1	EC Decision 2021/1703
On September 28th 2021, the European Commission Decision 2021/1703 [2] established the harmonised conditions for the availability and efficient use of radio spectrum for the Railway Mobile Radio (RMR) in the bands 874.4-880.0 MHz, and 919.4-925.0 MHz. By January 1st 2022, Member States shall designate and make available on a non-exclusive basis the paired frequency bands 874.4-880.0 MHz and 919.4-925.0 MHz for Railway Mobile Radio, in accordance with the technical conditions listed in subclause 4.3.
[bookmark: _Toc153134132][bookmark: _Toc138878559][bookmark: _Toc138878503][bookmark: _Toc137571999][bookmark: _Toc130322692][bookmark: _Toc101786326]4.2	ECC Decision(20)02
The ECC Decision (20)02 [1] addresses the designation of the paired frequency bands 874.4-880.0 MHz and 919.4-925.0 MHz to be used for Railway Mobile Radio (RMR) on a CEPT wide basis.
By this Decision, the CEPT administrations shall designate the paired frequency bands 874.4-880.0 MHz and 919.4-925.0 MHz for Railway Mobile Radio (RMR) on a non-exclusive basis, according to the technical conditions listed in subclause 4.3.
This Decision entered into force on November 20th, 2020.
[bookmark: clause4][bookmark: _Toc153134133][bookmark: _Toc138878560][bookmark: _Toc138878504][bookmark: _Toc137572000][bookmark: _Toc130322693][bookmark: _Toc101786327]4.3	Technical conditions
[bookmark: _Toc153134134][bookmark: _Toc138878561][bookmark: _Toc138878505][bookmark: _Toc137572001][bookmark: _Toc130322694][bookmark: _Toc101786328]4.3.1	Base stations using wideband technologies
The following technical condition for the use of RMR 900MHz applies:
-	Only non non-AAS Base Stations are considered, based on study outcomes as captured in ECC Decision (20)02 [1]. 
-	The lower edge of the lowest Resource Block shall be ≥ 919.6 MHz.
-	Baseline for the BS RF requirements derivation for the RAN4 n100 RF specific requirements were extracted from ECC Decision (20)02 [1] in Table 4.3.1-1 and 4.3.1-2, specifying the "specific” in-block requirements, based on ECC Decision 20(02) [1].
Table 4.3.1-1: Specific in-block requirements for 5.6 MHz and 5 MHz channels mandatory for uncoordinated deployment [1]
	RMR channel BW
	Maximum EIRP

	5.6 MHz
	62 dBm/5.6 MHz 

	5 MHz
	64.5 dBm/5 MHz + (fDL – 922.1)×40/3 dB 

	NOTE 1:	fDL is the centre frequency in MHz. 
NOTE 2:	NB-IoT in-band operation mode without power boost is allowed. NB-IoT guard-band operation mode and in-band operation mode with power boost are not allowed.



Table 4.3.1-2: Specific in-block requirements for 1.4 MHz and 200 kHz channels mandatory for uncoordinated deployment [1]
	RMR channel BW
	Maximum EIRP

	1.4 MHz
	56 dBm/1.4 MHz + (fDL – 920.2)×40/3 dB (Note 1) 

	200 kHz
	70.5 dBm/200 kHz + (fDL – 921)×40/3 dB (Note 3) 

	NOTE 1:	fDL is the centre frequency in MHz. 
NOTE 2:	Formula applicable to fDL ≤ 921.7 MHz. No specific e.i.r.p. restriction above.
NOTE 3:		Applicable to NB-IoT standalone operation mode, which is made of one Resource Block. 
NOTE 4: 		Formula applicable to fDL ≤ 921.0 MHz. No specific e.i.r.p. restriction above.


Based on the current NR specification and the RMR900 WID scope, the above requirements for 200 kHz, 1.4 MHz and 5.6 MHz channels are not applicable.
Referring to ECC Decision 20(02) table 2 [1], the “general” in-block requirement as presented on table 4.3.1-3 is not mandatory. This requirement is intended to provide guidance to the national administrations in case an upper bound for the EIRP output power would be desired. Therefore, the general in-block requirement in table 4.3.1-3 is not considered as the baseline for general OBUE requirements for NR BS.
Table 4.3.1-3: General in-block requirement – not applicable [1]
	RMR channel BW
	Maximum EIRP

	Any
	Min {65 dBm/channel; Maximum e.i.r.p. specific to the channel BW}

	NOTE:	the above requirement may be used by an administration in case an upper bound is desired.



Table 4.3.1-4: Out of band requirements [1]
	MHz from block edge 
(919.4-925 MHz) 
	EIRP limit

	0 ≤ Δf < 0.2 
	32.5 dBm/200 kHz 

	0.2 ≤ Δf < 1
	14 dBm/800 kHz 

	1 ≤ Δf < 10
	5 dBm/MHz 

	NOTE:	On a case-by-case basis, at a national level, higher OOB limits may be applied.



Table 4.3.1-5: Baseline requirement [1]
	Frequency Range 
	EIRP limit

	880-915 MHz
	-49 dBm/5 MHz

	NOTE:	This requirement prevails over out-of-band requirements.



Table 4.3.1-6: Requirements on wideband RMR BS receiver characteristics [1]
	Parameter
	Value

	Level of the wanted signal
	RefSens + 3 dB

	Maximum interfering signal in 870-874.4 MHz (Note 1 
	-34 dBm

	NOTE 1:	The antenna connector of the radio module is the reference point. The reference sensitivity (RefSens) is the minimum mean power received at the antenna connector at which a specified minimum performance shall be met.
NOTE 2:	These requirements cover both blocking and third-order intermodulation.
NOTE 3:	A bandwidth of 200 kHz for the interfering signal is assumed.


[bookmark: _Toc153134135][bookmark: _Toc138878562][bookmark: _Toc138878506][bookmark: _Toc137572002][bookmark: _Toc130322695][bookmark: _Toc101786329]
4.3.2	Terminals other than cab-radios using wideband technologies
ECC Decision (20)02 [1] has also captures requirements for cab-radio, which were not addressed in Rel-17 WI. Those requirements were captured in TR 37.829 [8]. 
Table 4.3.2-1: Terminals and cab-radio requirements using wideband technologies
	Maximum output power
	23 dBm

	ACLR
	30dB minimum

	Other
	Uplink power control is mandatory and shall be activated.



[bookmark: _Toc153133978][bookmark: _Toc138949207][bookmark: _Toc138878254][bookmark: _Toc137571137][bookmark: _Toc130323056][bookmark: _Toc100762006][bookmark: _Toc153134136][bookmark: _Toc138878563][bookmark: _Toc138878507][bookmark: _Toc137572003][bookmark: _Toc130322696][bookmark: _Toc101786330][bookmark: _Toc153133979][bookmark: _Toc138949208][bookmark: _Toc138878255][bookmark: _Toc137571138][bookmark: _Toc130323057][bookmark: _Toc100762007]5	Frequency band arrangement
The new RMR 900 MHz band is within the range of FR1 and is proposed as a FDD band (Table 5-1).
Table 5-1: New NR RMR band in FR1
	Band number
	UL
	DL
	Duplex mode

	n100
	874.4 MHz – 880 MHz
	919.4 MHz – 925 MHz
	FDD
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[bookmark: _Toc153134138][bookmark: _Toc138878565][bookmark: _Toc138878509][bookmark: _Toc137572005][bookmark: _Toc130322698][bookmark: _Toc101786332][bookmark: _Toc79161452][bookmark: _Hlk158969801]7	RF requirements
[bookmark: _Toc153134139][bookmark: _Toc138878566][bookmark: _Toc138878510][bookmark: _Toc137572006][bookmark: _Toc130322699][bookmark: _Toc101786333][bookmark: _Toc79161453]7.1	BS specific requirements
[bookmark: _Toc153134140][bookmark: _Toc138878567][bookmark: _Toc138878511][bookmark: _Toc137572007][bookmark: _Toc130322700][bookmark: _Toc101786334][bookmark: _Toc79161454]7.1.1	General
According to ECC Decision (20)02 [1], the BS RF work for RMR900 is limited to the Wide Area Base Stations, determined by the use along railway lines and their corresponding characteristics defined by 3GPP TS 38.104 [4]. 
In accordance to ECC Decision (20)02 20(02) [1], the related studies es were done for the non-AAS BS architectures, defined in 3GPP TS 38.104 [4]. Therefore the RAN4 requirements derivation was limited to the BS type 1-C requirements, only. 
As the EIRP limits were defined in the ECC Decision (20)02 [1], consideration of non-AAS BS architecture required to convert those EIRP limits into the conducted requirements assuming a maximum  gain that can vary depending on the used antenna and related antenna gain as well as the potential losses, e.g., feeder. In the present consideration an antenna gain of 17 dBi and 4 dB losses are assumed in accordance to ECC Report 318 [5] resulting to a maximum gain value of GmaxRMR900 = 13 dBi, encompassing internal losses (feeder, etc.) of 0 dB. Other assumptions may lead to other maximum gain values and conducted requirements. Also, one antenna connector was assumed. If the BS has more than one antenna connector, the limits shall be re-calculated considering the intended number of antenna connectors serving a cell.
[bookmark: _Hlk158967206][bookmark: _Toc130322706][bookmark: _Toc101786340]------------------------------ Next modified section -------------------------
[bookmark: _Toc153134146][bookmark: _Toc138878573][bookmark: _Toc138878517][bookmark: _Toc137572013]7.1.2.1.3	Tx spurious emissions
The following Tx spurious emission requirements are considered for band n100 in 3GPP TS 38.104 [x4], based on conversion of the EIRP limits from ECC Decision (20)02 [1], as summarized in table 7.1.2.1.3-1:
[bookmark: _Toc130322707][bookmark: _Toc101786341][bookmark: _Toc79161455]Table 7.1.2.1.3-1: Additional Tx spurious emissions requirement derivation for n100
	Spurious frequency range
	Basic limit
	Measurement bandwidth

	880 MHz – 915 MHz
	- 49 - GmaxRMR900 = -62 dBm 
(NOTE)
	5 MHz

	NOTE:	Assuming 13 dBi maximum gain (antenna gain and losses) for GmaxRMR900, and assuming one antenna connector.



[bookmark: _Toc153134147][bookmark: _Toc138878574][bookmark: _Toc138878518][bookmark: _Toc137572014][bookmark: _Hlk158967226]7.1.3	Receiver characteristics
[bookmark: _Toc153134148][bookmark: _Toc138878575][bookmark: _Toc138878519][bookmark: _Toc137572015][bookmark: _Toc130322708][bookmark: _Toc101786342]7.1.3.1	Enhanced BS selectivity for band n8Void
RAN4 will not specify any requirements to capture the BS enhanced selectivity (band n8) assumption.
[bookmark: _Toc153134149][bookmark: _Toc138878576][bookmark: _Toc138878520][bookmark: _Toc137572016][bookmark: _Toc130322709][bookmark: _Toc101786343]7.1.3.2	Rx blocking 
[bookmark: _Toc153134150][bookmark: _Toc138878577][bookmark: _Toc138878521][bookmark: _Toc137572017][bookmark: _Toc130322710][bookmark: _Toc101786344][bookmark: _Toc79161456]7.1.3.2.1	CEPT context
The requirement for performance against an interferer appears in Table 7 of ECC Decision (20)02 [1]. Tracing its origin within CEPT work, it is the result undertaken under ECC report 313 [6] in section 6.1 (“500 MILLIWATT SRD”) and ECC report 313 [6] further indicates “Full technical characteristics of SRD considered in this Report are given in ANNEX 2”. Table 25 of ECC report 313 [6] also provides characteristics of the SRD interferer. The present description is derived from the LS response received from ETSI TC RT in R4-210431 [7].
[bookmark: _Toc153134151][bookmark: _Toc138878578][bookmark: _Toc138878522][bookmark: _Toc137572018][bookmark: _Toc130322711]7.1.3.2.2	Analysis
Several characteristics of the interferer need to be taken into account when defining the conformance test:
-	Table 7 of ECC Decision (20)02 [1] identifies the requirement as “Maximum interfering signal in 870-874.4 MHz”.
-	The corresponding requirement is -34 dBm for 3 dB desensitization which can be converted to -29.2 dBm for 6 dB desensitization.
-	The interferer is less than 200 kHz which may fit to a GSM carrier or a narrowband interferer.
-	The duty cycle of SRD devices is regulated by EU with ECC report 313 [6] indicating ≤ 10% for fixed Network Access Points and ≤ 2.5% otherwise.
-	The requirement covers both “blocking and IM3”.
3GPP conformance tests do not usually consider duty cycle of the interferer and express the interfering signal according to its mean power. In this particular instance that the aggressor system being regulated at EU level and the ECC Decision (20)02 [1] stating a “maximum” interfering signal level, it is assumed to express for the conformance test the interfering signal under a similar scheme of “interfering signal mean power”.
For a duty cycle of 2.5%, a -29 dBm signal max power has a mean power of -45 dBm (i.e. correction by 16 dB).
For a duty cycle of 10%, a -29 dBm signal max power has a mean power of -39 dBm (i.e. correction by 10 dB).
Since the interfering signal power for 10% duty cycle is higher, -39dBm interfering signal mean power has been considered in the 3GPP requirement.
[bookmark: _Toc153134152][bookmark: _Toc138878579][bookmark: _Toc138878523][bookmark: _Toc137572019][bookmark: _Toc130322712]7.1.3.3	Characteristics
[bookmark: _Toc153134153][bookmark: _Toc138878580][bookmark: _Toc138878524][bookmark: _Toc137572020][bookmark: _Toc130322713]7.1.3.3.1	Blocking
For narrowband blocking, the following interferer characteristics need to be considered for band n100 in 3GPP TS 38.104 [4].
-	Duty cycle of the narrowband interferer:	10%
-	Interfering signal mean power:		-39 dBm
-	Wanted signal mean power (dBm):	PREFSENS  + 6 dB
-	Interfering Signal:						5 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB
-	Interfering RB centre frequency:		 874.4 MHz -(350 kHz +m*180), m=0, 1, 2, 3, 4, 9, 14, 19
NOTE:	It is assumed that the 5MHz interfering signal does not overlap with the wanted signal channel bandwidth. Otherwise, the minimum offset is 90 kHz (half a RB).
[bookmark: _Toc153134155][bookmark: _Toc138878582][bookmark: _Toc138878526][bookmark: _Toc137572022][bookmark: _Toc130322715]------------------------------ Next modified section -------------------------
7.2	UE specific requirements
[bookmark: _Toc153134156][bookmark: _Toc138878583][bookmark: _Toc138878527][bookmark: _Toc137572023][bookmark: _Toc130322716][bookmark: _Toc101786345][bookmark: _Toc79161457]7.2.1	Transmitter characteristics
The following 3GPP TS 38.101-1 [3] transmitter characteristic changes are expected due to the introduction of 900MHz RMR band:
Table 7.2.1-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n100
	
	
	
	
	
	
	23
	±2


NOTE:	PC1 for cab-radio was introduced in Rel-18 [7].
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[bookmark: _Toc153134157]7.2.2	Receiver characteristics
The following 3GPP TS 38.101-1 [3] receiver characteristic changes were introduced for are expected due to the introduction of 900 MHz RMR band:
Table 7.2.2-1: Two antenna port reference sensitivity QPSK PREFSENS for FDD bands
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)

	n100
	15
	-100
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10	Conclusion
The study dealt with how the RMR900MHz spectrum (874.4 - 880 MHz/ 919.4 - 925 MHz) can be used for rail communication using 5G NR applicable in Europe. The corresponding system parameters, BS RF parameter and UE RF parameter were examined:
-	General:	The focus was on the use of RMR900 under uncoordinated deployment conditions, assuming that RMR BS operates independently of other operators e.g. MFCN. Co-location with other operators and resulting coordination is subject to national regulation and is outside the scope of this work item.
-	System Parameters: The RMR900 spectrum block can be used by 5MHz CBW reusing Rel-15 sync raster design. For channel bandwidths smaller than 5 MHz, related study objectives were covered in a separate Rel-18 work item [RP-220401].
[bookmark: _Hlk95305451]-	BS RF: Based on the ECC Decision (20)02 [1], the EIRP limits were analysed accordingly and the necessary conclusions for an uncoordinated operational approach were derived to define conducted power requirements. These include the BS rated output power using corresponding assumptions, the resulting emission values of the transmitter and the specifications of the receiver. Furthermore, the coexistence with other 3GPP radio technologies has been included.
-	UE RF:	Based on the ECC Decision (20)02 [1], the EIRP limits were analysed accordingly, and the necessary conclusions were derived for the use of Power Class 3 (23dBm).
NOTE:	PC1 power class was introduced for the cab-radio after completion of Rel-17, with their derivation captured in in TR 37.829 [8].
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