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Following the RAN2#99bis, RAN4 has received an LS from RAN2 on time-difference reporting between E-UTRA PCell and NR PSCell, to support operation in non-standalone deployment of NR (NSA NR) a.k.a. EN-DC.

RAN2 is particularly asking whether existing SSTD reporting as currently captured in [2] can be reused also for time-difference reporting in EN-DC.
As we have discussed earlier (see for instance [3]) there are some fundamental differences between LTE and NR that have an impact on the time-difference reporting.
In this contribution we are providing a proposal on measurement definition, measurement configuration, measurement reporting and measurement mapping for time-difference reporting between PCell and PSCell in EN-DC.Overall Description
RAN2 has been working on extending SSTD measurements for EN-DC. For NR, given that the duration of radio frame and sub-frame are the same as in LTE (10ms and 1ms, respectively), and SFN is 10 bit length according to the RAN1 agreements, RAN2 is wondering if the same definition and reporting mapping as specified for LTE SSTD in TS 36.214/133 can be reused for EN-DC as it is. Since RAN4 mainly worked on LTE DC and defined SSTD for LTE, RAN4 feedback is deemed as necessary.
To RAN4 group
RAN2 respectfully asks RAN4 group to provide their feedback on the feasibility of extending SSTD measurements for EN-DC, and whether the RAN2 reporting can be reused as it is.

Background
The basic scheduling unit in an LTE system, i.e. TTI, is a subframe, whereas in an NR system the basic scheduling unit is a slot. Different numerologies can be applied in a NR system, leading to that the number of slots per subframe differs with the numerology in use. The following tables from [4] show the dependency between numerology in use (indicated by µ), the subcarrier distance, and the number of slots per subframe.


Table 4.2-1: Supported transmission numerologies.
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal

	5
	480
	Normal




Table 4.3.2-1: Number of OFDM symbols per slot, , for normal cyclic prefix.
	

	

	

	


	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16

	5
	14
	320
	32



As discussed previously (see e.g. [3]), in many applications of time-difference reporting it is not the subframe-to-subframe time difference that is of interest, but the TTI-to-TTI time difference between the E-UTRA PCell and the NR PSCell. Since in LTE DC, subframe-to-subframe time difference is synonymous to TTI-to-TTI time difference, an extension or modification of the existing SSTD is needed in order to provide useful information also in EN-DC.
As pointed out in the LS, RAN1 has now agreed that the hyper frame length is 1024 radio frames in NR, similar to LTE. Moreover, radio frame and subframe lengths are the same in LTE and NR. Hence for SFN offset and Frame boundary offset, the same calculations and reporting structure as for SSTD can be reused.
For the finer granularity we would like to split it into Subframe boundary offset which represents the time difference between the two closest subframe borders of the E-UTRA PCell and the NR PSCell, and is described in terms of NR slots for the numerology used by PSCell, and TTI offset that describes the time difference between the closest TTI borders of the E-UTRA PCell and the NR PSCell, i.e. subframe border to closest slot border. The latter value is subjected to mapping which is to be defined in 36.133 and 38.133.
Proposed time-difference reporting for EN-DC
Measurement definition
The measurement definition for EN-DC time difference reporting will be decided by RAN1. The proposed definition is as follows.


	Definition
	The observed SFN, subframe and TTI timing difference (SSTTD) between an E-UTRA PCell and an NR PSCell is defined as consisting of the following four components;
-	SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a E-UTRA PCell radio frame and SFNPSCell is the SFN of the NR PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.

-	Frame boundary offset = , where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell and TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame of PSCell that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is [µs].

-	Subframe boundary offset = 

where TSubframePCell is the time when the UE receives the start of a subframe from the PCell, TSubframePSCell is the time when the UE receives the start of the subframe from the PSCell that is closest in time to the subframe received from the PCell, and is the number of slots per subframe as specified in TS 38.211 for the numerology in use by the NR PSCell. The unit of (TSubframeBoundaryPCell - TSubframeBoundaryPSCell) is [µs].
· TTI offset = TTTI,PCell – TTTI,PSCell, where TTTI,PCell is the time when the UE receives the start of a subframe from the PCell and TTTI,PSCell is the time when the UE receives the start of a slot from the PSCell that is closest to the subframe boundary of the PCell.

	Applicable for
	RRC_CONNECTED intra-frequency



Measurement configuration
The configuration of EN-DC time difference reporting will be decided by RAN2. For LTE SSTD the reporting is configured by the network by setting a Boolean ([2]):
reportSSTD-Meas-r13					BOOLEAN			

Since not all aspects of EN-DC have been fully investigated, it would be desirable to have the possibility to point out different configurations with respect to mapping table to use for mapping measured TTI offset to reported value. Hence tentatively
reportSSTTD-Meas		ENUMERATED {mappingConfig0, spare1} 
where the mapping configuration would determine which mapping table, captured in TS 36.133 and TS 38.133, to use when reporting TTI offset.
Measurement reporting
For the measurement report it is proposed to extend the number of information bits compared to LTE SSTD by 4 bits, as this allows e.g. for having as a baseline an equidistant mapping of TTI offset that can cater for many of the use cases for the time difference reporting (borders between sync/async operation, SON, …). Later, if it is identified that finer granularity than achieved by equidistant mapping would be needed, other mapping configurations can be introduced that e.g. provide finer granularity around interesting time difference zones and coarser outside, but using the same bit fields. It shall be noted that the time difference reporting typically is a single shot reporting, hence message size is not critical to the system throughput.
A tentative measurement report structure may look like: 


MeasResultSSTTD ::=						SEQUENCE {
	sfn-OffsetResult							INTEGER (0..1023),
	frameBoundaryOffsetResult				INTEGER (-5..4),
	subframeBoundaryOffsetResult		CHOICE {
		mu1										INTEGER (-1..0),
		mu2										INTEGER (-2..1),
		mu3										INTEGER (-4..3),
		mu4										INTEGER (-8..7),
		mu5										INTEGER (-16..15)
	} 															OPTIONAL		-- Need OP,
	ttiBoundaryOffsetResult				CHOICE {
		mu0										INTEGER (0..2047),
		mu1										INTEGER (0..1023),
		mu2										INTEGER (0..511),
		mu3										INTEGER (0..255),
		mu4										INTEGER (0..127),
		mu5										INTEGER (0..63)
	}
}	 				
where the distribution of bits between subframeBoundaryOffsetResult and ttiBoundaryOffsetResult depends on the numerology in use in the NR PSCell (mu0 representing µ = 0, etc). The number of information bits would here be 25 in total. It shall be noted that for µ = 0 the NR slot size corresponds to an LTE subframe, hence the field subframeBoundaryOffsetResult can be omitted in this case, and be interpreted as value 0.
Mapping of TTI offset
For the baseline mapping of TTI offset we propose an equidistant mapping with granularity of 15 Ts (960 Tc). This is somewhat coarser than the granularity in the LTE SSTD reporting around the ±33µs points, but provide information over the whole range to support both foreseen and unforeseen needs in EN-DC. The coarser granularity compared to LTE SSTD is likely not a problem, since the measurement reporting is anticipated to have an associated measurement accuracy requirement that is larger than 15 Ts.
The UE would decide on which mapping table to use by taking into account:
· The mapping configuration provided in the measurement configuration, and
· The numerology used in the NR PSCell
Tentative mapping tables for Mapping configuration #0 (baseline) are provided below.

Table 9.x.x.x-1: Mapping configuration #0 for NR PSCell numerology µ=0
	Reported Value
	Measured Quantity Value
	Unit

	TTI_BOUNDARY_OFFSET_0000
	-15360 < Z  -15345
	Ts

	TTI_BOUNDARY_OFFSET_0001
	-15345 < Z  -15330
	Ts

	TTI_BOUNDARY_OFFSET_0002
	-15330 < Z  -15315
	Ts

	
	
	…

	TTI_BOUNDARY_OFFSET_1022
	-30 < Z  -15
	Ts

	TTI_BOUNDARY_OFFSET_1023
	-15 < Z  0
	Ts

	TTI_BOUNDARY_OFFSET_1024
	0 < Z  15
	Ts

	TTI_BOUNDARY_OFFSET_1025
	15 < Z  30
	Ts

	…
	…
	…

	TTI_BOUNDARY_OFFSET_2045
	15315 < Z  15330
	Ts

	TTI_BOUNDARY_OFFSET_2046
	15330 < Z  15345
	Ts

	TTI_BOUNDARY_OFFSET_2047
	15345 < Z ≤ 15360
	Ts



Table 9.x.x.x-2: Mapping configuration #0 for NR PSCell numerology µ=1
	Reported Value
	Measured Quantity Value
	Unit

	TTI_BOUNDARY_OFFSET_0000
	-7680 < Z  -7665
	Ts

	TTI_BOUNDARY_OFFSET_0001
	-7665 < Z  -7650
	Ts

	TTI_BOUNDARY_OFFSET_0002
	-7650 < Z  -7635
	Ts

	
	
	…

	TTI_BOUNDARY_OFFSET_0510
	-30 < Z  -15
	Ts

	TTI_BOUNDARY_OFFSET_0511
	-15 < Z  0
	Ts

	TTI_BOUNDARY_OFFSET_0512
	0 < Z  15
	Ts

	TTI_BOUNDARY_OFFSET_0513
	15 < Z  30
	Ts

	…
	…
	…

	TTI_BOUNDARY_OFFSET_1021
	7635 < Z  7650
	Ts

	TTI_BOUNDARY_OFFSET_1022
	7650 < Z  7665
	Ts

	TTI_BOUNDARY_OFFSET_1023
	7665 < Z ≤ 7680
	Ts



Table 9.x.x.x-3: Mapping configuration #0 for NR PSCell numerology µ=2
	Reported Value
	Measured Quantity Value
	Unit

	TTI_BOUNDARY_OFFSET_0000
	-3840 < Z  -3825
	Ts

	TTI_BOUNDARY_OFFSET_0001
	-3825 < Z  -3810
	Ts

	TTI_BOUNDARY_OFFSET_0002
	-3810 < Z  -3795
	Ts

	
	
	…

	TTI_BOUNDARY_OFFSET_0254
	-30 < Z  -15
	Ts

	TTI_BOUNDARY_OFFSET_0255
	-15 < Z  0
	Ts

	TTI_BOUNDARY_OFFSET_0256
	0 < Z  15
	Ts

	TTI_BOUNDARY_OFFSET_0257
	15 < Z  30
	Ts

	…
	…
	…

	TTI_BOUNDARY_OFFSET_0509
	3795 < Z  3810
	Ts

	TTI_BOUNDARY_OFFSET_0510
	3810 < Z  3825
	Ts

	TTI_BOUNDARY_OFFSET_0511
	3825 < Z ≤ 3840
	Ts



Table 9.x.x.x-4: Mapping configuration #0 for NR PSCell numerology µ=3
	Reported Value
	Measured Quantity Value
	Unit

	TTI_BOUNDARY_OFFSET_0000
	-1920 < Z  -1905
	Ts

	TTI_BOUNDARY_OFFSET_0001
	-1905 < Z  -1890
	Ts

	TTI_BOUNDARY_OFFSET_0002
	-1890 < Z  -1875
	Ts

	
	
	…

	TTI_BOUNDARY_OFFSET_0126
	-30 < Z  -15
	Ts

	TTI_BOUNDARY_OFFSET_0127
	-15 < Z  0
	Ts

	TTI_BOUNDARY_OFFSET_0128
	0 < Z  15
	Ts

	TTI_BOUNDARY_OFFSET_0129
	15 < Z  30
	Ts

	…
	…
	…

	TTI_BOUNDARY_OFFSET_0253
	1875 < Z  1890
	Ts

	TTI_BOUNDARY_OFFSET_0254
	1890 < Z  1905
	Ts

	TTI_BOUNDARY_OFFSET_0255
	1905 < Z ≤ 1920
	Ts



Table 9.x.x.x-5: Mapping configuration #0 for NR PSCell numerology µ=4
	Reported Value
	Measured Quantity Value
	Unit

	TTI_BOUNDARY_OFFSET_0000
	-960 < Z  -945
	Ts

	TTI_BOUNDARY_OFFSET_0001
	-945 < Z  -930
	Ts

	TTI_BOUNDARY_OFFSET_0002
	-930 < Z  -915
	Ts

	
	
	…

	TTI_BOUNDARY_OFFSET_0062
	-30 < Z  -15
	Ts

	TTI_BOUNDARY_OFFSET_0063
	-15 < Z  0
	Ts

	TTI_BOUNDARY_OFFSET_0064
	0 < Z  15
	Ts

	TTI_BOUNDARY_OFFSET_0065
	15 < Z  30
	Ts

	…
	…
	…

	TTI_BOUNDARY_OFFSET_0125
	915 < Z  930
	Ts

	TTI_BOUNDARY_OFFSET_0126
	930 < Z  945
	Ts

	TTI_BOUNDARY_OFFSET_0127
	945 < Z ≤ 960
	Ts



Table 9.x.x.x-6: Mapping configuration #0 for NR PSCell numerology µ=5 
	Reported Value
	Measured Quantity Value
	Unit

	TTI_BOUNDARY_OFFSET_0000
	-480 < Z  -465
	Ts

	TTI_BOUNDARY_OFFSET_0001
	-465 < Z  -450
	Ts

	TTI_BOUNDARY_OFFSET_0002
	-450 < Z  -435
	Ts

	
	
	…

	TTI_BOUNDARY_OFFSET_0030
	-30 < Z  -15
	Ts

	TTI_BOUNDARY_OFFSET_0031
	-15 < Z  0
	Ts

	TTI_BOUNDARY_OFFSET_0032
	0 < Z  15
	Ts

	TTI_BOUNDARY_OFFSET_0033
	15 < Z  30
	Ts

	…
	…
	…

	TTI_BOUNDARY_OFFSET_0061
	435 < Z  450
	Ts

	TTI_BOUNDARY_OFFSET_0062
	450 < Z  465
	Ts

	TTI_BOUNDARY_OFFSET_0063
	465 < Z ≤ 480
	Ts



Conclusion
In this contribution we have provided proposals on measurement definition, measurement configuration, measurement reporting structure and measurement mapping for time-difference measurements between PCell and PSCell in EN-DC.
A draft LS reply to RAN2 and RAN1 is provided in [5].
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