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1
Introduction

There are three types for inter-band NR DC reqirements, i.e. NR FR1+FR1 DC, NR FR2+FR2 DC and NR FR1+FR2 DC, where:

For inter-band NR FR1+FR1 DC, it is only supported in Rel-16 and some of the potential NR FR1+FR1 DC combinations have been requested by the companies in the WID[1], but the combinations work haven’t started yet, and also there were no NR FR1+FR1 DC requirements defined in current 38.101-1 Rel-16 spec.

For inter-band NR FR2+FR2 DC, none of the potential combinations were requested in the WID[1][2] at present
For inter-band NR FR1+FR2 DC, it was supported in Rel-15, and some of the NR FR1+FR2 DC combinations have already been included in the spec.
In this contribution, we give some discussion on the NR inter-band FR1+FR1 DC requirements.
2
Discussion

2.1 Current status for inter-band NR FR1+FR1 DC 
In the inter-band NR CA/DC basket WID [1], some inter-band NR FR1+FR1 DC combinations have been requested by some companies, we excerpt some inter-band NR DC combs from the WID in table 1.  In addition, it can be foreseen that more NR DC combs will be requested in [1][2] by companies in future.
Table.1 Excerpted inter-band NR FR1+FR1 DC combs in WID [1]
	DC configuration
	Uplink configuration
	REL-indep.from
	BCS
	contactname, company
	contactemail
	other supporting companies(min. 3)

	DC_n2A-n5A
	DC_n2A-n5A
	Rel-16
	0
	Zheng Zhao,Verizon
	Zheng.zhao@verizonwireless.com
	Nokia, Samsung, Ericsson, Qualcomm

	DC_n2A-n48A
	DC_n2A-n48A
	Rel-16
	0
	Zheng Zhao,Verizon
	Zheng.zhao@verizonwireless.com
	Nokia, Samsung, Ericsson, Qualcomm

	DC_n3A-n77A
	DC_n3A-n77A
	Rel-16
	0
	Masashi Fushiki, SoftBank
	masashi.fushiki@g.softbank.co.jp
	Ericsson, Huawei, HiSilicon, Nokia, ZTE

	DC_n28A-n77A
	DC_n28A-n77A
	Rel-16
	0
	Masashi Fushiki, SoftBank
	masashi.fushiki@g.softbank.co.jp
	Ericsson, Huawei, HiSilicon, Nokia, ZTE


In current 38.101-1 v16.3.0[3], the UE RF requirements for different UE features are defined with different clause suffix, where 4 suffix are defined in table 4.3-1 in the spec , shown in table 2.
Table 2 Definition of suffixes (Table 4.3-1 in the 38.101-1)
	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO


Where for the inter-band NR DC, the related requirements are defined in the clauses with suffix B. In current 38.101-1 Rel-16 spec,  there are only 3 clauses with suffix B are defined, shown in table 3.

Table 3. Requirments for inter-band NR DC in TS38.101-1
	Requirements
	clauses

	Operating bands
	5.2B
Void

	Configurations
	5.5B
Void

	Transmitter power (Pcmax)
	6.2B
Void


It can be seen in table 3, all of the inter-band NR DC clauses are reverved as “Void”, which means the requirements are not completed. The reason for ‘Void’ maybe that the Rel-16 TS structure was based on Rel-15 TS. However,  inter-band NR FR1+FR1 DC configurations were not supported in Rel-15, which was leaving the clauses as “Void”.
In our understanding, the framework for inter-band NR DC requirements are based on the inter-band LTE DC. The mainly reason for the only three clauses are reserved for inter-band NR DC is that almost all of the  inter-band NR DC RF requirements shall meet the  inter-band 2ULs NR CA RF requirements, which means it is no need to list the clauses for each RF requirements, which is the same approach as LTE. However, such clarification sentence is missing in current 38.101-1 Rel-16 spec.
Obversation 1.  The inter-band NR DC requirements in current TS38.101-1 v16.3.0 are not completed.
Due to the incompleted RF requirements, the inter-band NR FR1+FR1 DC combs works are not allowed to start. Some operators think  inter-band NR FR1+FR1  is an important feature and it is better to complete the related works in the Rel-16 timeline, in this way the proponent can provide contributions to complete the combs to accommodate the deployment.
In addition, RAN2 are also continue to discuss the inter-band NR DC feature in Rel-16 timeline, including the inter-band NR FR1+FR1 DC, considering there are only 2 RAN4 meeting in Rel-16 timeline, hence it is need to complete the NR FR1+FR1 DC RF requirements as soon as possible. Otherwise, the specification is incompleted, and all of the inter-band NR FR1+FR1 DC combinations works cannot be started.

Proposal 1. The inter-band NR DC requirements shall be introduced in TS38.101-1 Rel-16.
2.2 Introduction of inter-band NR DC requirements in TS38.101-1 Rel-16
In this section, We give more details to discuss how to introduce the inter-band NR DC requirements in TS38.101-1 Rel-16. The following aspects shall be considered.

General information in Clause 4.3
As discussed in section 2.1, the inter-band NR FR1+FR1 DC RF requirements shall meet the inter-band 2ULs NR CA RF requirements, which is the same approach as LTE. Hence the following similar clarification sentence as LTE shall be included in the clause 4.3 in TS38.101-1.
Terminal that supports Dual Connectivity configuration shall meet the minimum requirements for corresponding CA configuration (suffix A), unless otherwise specified.  

Proposal 2. A clarification sentence shall be added in clause 4.3 in the spec.
Operating bands in Clause 5.2B
This clause is used to captured the constituent NR operating bands for inter-band NR DC combinations. In order to trigger the discussion, it is proposed to use DC_n2A-n5A combs as a starting point. It shall be noted that the CA_n2A-n5A have been included in the spec for a long time.
Proposal 3. In order to trigger the discussion, it is proposed to use DC_n2A-n5A combination as starting point.

Configurations in Clause 5.5B
Since the inter-band NR DC configuration shall meet the the minimum requirements for corresponding inter-band 2ULs NR CA configuration, hence the corresponding inter-band 2ULs NR CA configurations defined in the spec are applicable to inter-band NR DC. It is reasonable that all the supported CA bandwidth combination sets can be used in DC as well. Therefore only inter-band NR DC configurations shall be captured in the tables rather than  list the supported channel bandwidth supported for NR DC configuration.
Proposal 4. The corresponding NR CA configurations defined in the spec, i.e., dual uplink inter-band carrier aggregation with uplink assigned to two NR bands, are applicable to Dual Connectivity
Transmitter power(Pcmax) in Clause 6.2B
Here we adopt the approach of inter-band LTE DC as starting point, where the PCMAX,c for MTA (LTE inter-band CA) were reused for LTE DC, and also the overlap portions were additional defined for LTE DC. Hence, Similar inter-band LTE DC, the  PCMAX,c for MTA(NR inter-band CA) can be reused for inter-band NR DC as well. Comparing the inter-band CA Pcmax, the overlap portion shall be defined. The proposed Pcmax for inter-band NR DC can be found in Appendix.

Proposal 5. The proposed Pcmax for inter-band NR DC can be found in Appendix.
Furthermore, some symbols such as CG, MCG/SCG related to NR DC shall be introduced.

3
Conclusion
In this paper,  we first give some discussion on the specification status for NR FR1+FR1 inter-band DC requirement, and then how to introduce the NR DC requirements in the 38.101-1 spec. The conclusion can be summarized below.

Obversation 1.  The inter-band NR DC requirement in current TS38.101-1 v16.3.0 are not completed.
Proposal 1. The inter-band NR DC requirement shall be introduced inTS38.101-1 Rel-16.
General information in Clause 4.3
Proposal 2. A clarification sentence shall be added in clause 4.3 in the spec.

Operating bands in Clause 5.2B
Proposal 3. In order to trigger the discussion, it is proposed to use DC_n2A-n5A combination as starting point.

Configurations in Clause 5.5B
Proposal 4. The corresponding NR CA configurations defined in the spec, i.e., dual uplink inter-band carrier aggregation with uplink assigned to two NR bands, are applicable to Dual Connectivity

Transmitter power(Pcmax) in Clause 6.2B
Proposal 5. The proposed Pcmax for inter-band NR DC can be found in Appendix.
In addition, a CR [4] is provide for TS38.101-1to reflect the proposal 2~5. 
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Appendix (Poposed Pcmax for NR DC in TS38.101-1)
6.2B
Configured transmitted power for Dual Connectivity

For inter-band dual connectivity with one uplink serving cell per CG, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum output power PCMAX.

The configured maximum output power PCMAX,c(i),i (p) in slot p of  serving cell c(i) on CG i shall be set within the following bounds:
PCMAX_L,f,c(i),i (p) ≤  PCMAX,f,c(i), i (p) ≤  PCMAX_H,f,c(i),i (p)
where  PCMAX_L,f,c (i),i (p) and PCMAX_H,f,c(i),i (p) are the limits for a serving cell c(i) of CG i as specified in subclause 6.2A.4
.
The total UE configured maximum output power PCMAX (p,q) in a slot p of CG 1 and a slot q of CG 2 that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:

PCMAX_L(p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

withPCMAX_L (p,q) = MIN {10 log10 [pCMAX_L,f,c(i),i (p) + pCMAX_L,f,c(i),j (q)], PPowerClass}

PCMAX_H (p,q) = MIN {10 log10 [pCMAX_ H,f,c(i),i (p) + pCMAX_ H,f,c(i),j (q)], PPowerClass}
where pCMAX_L,f,c (i),i  and pCMAX_ H,f,c(i),i  are the respective limits PCMAX_L,f,c (i),i and PCMAX_H,f,c(i),i expressed in linear scale.
If the UE is configured in Dual Connectivity and synchronous transmissions of the UE on slot p for a serving cell in one CG overlaps some portion of the first symbol of the transmission on slot q +1 for a different serving cell in the other CG, the UE minimum of PCMAX_L between slots pairs (p, q) and (p+1, q +1) respectively applies for any overlapping portion of slots (p, q) and (p +1, q+1). PPowerClass shall not be exceeded by the UE during any period of time.

The measured total maximum output power PUMAX over both CGs is

PUMAX = 10 log10 [pUMAX,c(1),1 + pUMAX,c(2),2],
where pUMAX,c(i),i  denotes the measured output power of serving cell c(i) of CG i expressed in linear scale.

If the UE is configured in Dual Connectivity and synchronous transmissions

PCMAX_L(p, q)   –  TLOW (PCMAX_L(p, q))  ≤  PUMAX  ≤  PCMAX_H(p, q)  + THIGH (PCMAX_H(p, q))

where PCMAX_L (p,q) and PCMAX_H (p,q) are the limits for the pair (p,q) and with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2B-1. PCMAX_L may be modified for any overlapping portion of slots (p, q) and (p +1, q+1).
If the UE is configured in Dual Connectivity and asynchronous transmissions, the slots of the leading CG are taken as reference slots for the measurement of the total configured output power PUMAX.  If slot p of CG 1 and slot q of CG 2 overlap in time in their respective slot 0 and

1.
if p leads in time over q, then p is the reference slot and the (p,q) and (p,q-1) pairs are considered for determining the PCMAX tolerance

2.
if q leads in time over p, then q is the reference slot and the (p-1,q) and (p,q) pairs are considered for determining the PCMAX tolerance;

for the reference slot p duration (when slot p in CG 1 leads):

P’CMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q-1)}

P’CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q-1)}

while for the reference slot q duration (when slot q in CG 2 leads):

P’CMAX_L   = MIN {PCMAX_L   (p-1,q) , PCMAX_L  (p,q)}

P’CMAX_H  = MAX {PCMAX_H   (p-1,q) , PCMAX_H  (p,q)}

where PCMAX_L   and PCMAX_H are the applicable limits for each overlapping slot pairs  (p,q) , (p, q-1) and (p-1,q). The measured total configured maximum output power PUMAX shall be within the following bounds:
P’CMAX_L   –  TLOW (P’CMAX_L)  ≤  PUMAX  ≤  P’CMAX_H + THIGH (P’CMAX_H)

with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2B-1.

Table 6.2B-1: PCMAX tolerance for inter-band Dual Connectivity

	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX < 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAX < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0
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