TSG-RAN Working Group 4 (Radio) meeting #92bis
  R4-1911550
Chongqing, China, 14 – 18 October 2019


Source:
Ericsson
Title:
On the timing requiremens for FDD bands with variable duplex
Agenda item:
9.20.1
Document for:
Discussion
1 Background

Regarding specification of paired operating bands including SDL spectrum supporting Pcell operation, we made the following 
Proposal 1: consider SCS = 15 kHz and a co-sited LTE/NR scenario (same propagation delay) as a starting point for the WI. Other cases not excluded in later phases of the WI.
and observed that
Observation 1: not all timing-related aspects have been considered for ULSUP-TDM and there are no requirements for ULSUP-FDM. Potential UE TAE restrictions have to be considered.

Observation 2: current MRDC capability parameters for UL sharing can be reused for FDD bands with variable duplex.

Observation 3: a BS TAE between LTE and NR of  “0 us” cannot be assumed.

at RAN4#92 [1]. These were not treated but in this contribution we nevertheless use them as a stating point for a discussion on the UL timing requirements and restrictions that will apply for the deployment scenarions envisaged in the WID [2]. 
The uplink sharing operation of the NR uplink carrier with an LTE uplink carrier shall be considered [2]
a) from network perspective in case of standalone operation

b) from UE perspective (ULSUP-TDM and ULSUP-FDM) in case of EN-DC operation. 

The first item we denote ULSNP (UL sharing from a network perspective) for convenience. We note that FDM and TDM multiplexing schemes are also relevant for ULSNP since co-location is assumed; BS RF requirements shall take into account the presence of an additional downlink LTE carrier.
In this paper we consider the impact on the UE requirements (RF and RRM) of BS timing alignment and UE timing inaccuracy for both ULSUP and ULSNP in FDM and TDM multiplexing schemes to identify required specification changes. For each case we consider both collocated BS RX (e.g. common FFT) and non-colocated BS RX.
Common default prerequisites are that the
· NR UL follows DL timing from NR (a 1.5 GHz band in this case)

· LTE UL follows DL timing from LTE (below 1 GHz)

· TA management on LTE and NR is independent
· MRTD for EN-DC inter-band is 33 us, but we assume MRTD ≤ 3 us for this co-located case (same as current intra-band EN-DC)

· BS TAE is 3us for inter-band CA (stand-alone operation)
The generic notion “BS” is used for both eNB and gNB.
2 UE time masks for TDM sharing
The exising UE switch-time masks cover the ULSUP-TDM case, there is no timing-related -- or any other -- requirement applicable for ULSUP-FDM. Not all timing-related components are accounted for in the existing mask, e.g. no TAE or UE transmission alignment error is included in the ULSUP-TDM mask. The DL timing at UE is also not aligned due to e.g. propagation time delay differences in different frequency bands, also for co-located antennas. UE timing requirements are set w r t the first detected path in time of a downlink frame.
The existing ULSUP-TDM look like in Figure 1 (does not show all cases but the two switching types, other cases are symmetrical when NR and LTE are swapped)
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Figure 6.3B.1.1-3: E-UTRA to NR switching time mask for type 2 for TDM based UL sharing from UE
perspective within FR1




Figure 1: ULSUP-TDM switching masks.
From a BS perspective, the UL timing should be aligned to within the CP (15k assumed here). This is not only the case for a collocated (common) RX, but also for non-collocated RX since the LTE and NR UL are present at both receiver ports.
First we note that BS TAE and UE UL timing alignment errors affect the transient at the switch point. Depending on the BS RX configuration and TA management, BS TAE will also affect the transient periods in the existing mask since the BS RX timing follows the TX timing (with a possible TAoffset). The UE UL timing alignment error, denoted Tae, is comprised of several components for which requirements are specified in 36.133 and 38.133:
· TA resolution error
· UE Timing advance adjustment accuracy setting error
· UE Timing Error Limit (Te)

that add up to about 1 us for each RAT in relation to their respective DL timing. These errors must also be accounted for in the SA time-masks (but these are not verified with varying TA commands; in this case the error can be doubled since there is a switch between CG/RATs.
The impact for type 2 switching is likely to be similar since an off-power requirement applies for the full 20 us switch duration.
ULSUP
For a non-colocated BS RX, the BS RX timing between CGs can be misaligned by up to TAE (follows the TX). The GG TA loops are independent and the UE follows different DL paths, which mean that the LTE SF and NR slot may be misaligned by TAE + Tae. The Tae is of the order of 2 us (cf. the 2.21 us for EN-DC). In the switch-time mask, this can imply that the UE determines that the NR slot should start TAE + Tae before the end of the LTE subframe as shown in Figure 2. The UE can obviolsly not start the NR transmission before the end of LTE UL transmission, which means that the current transient-period specification is affected (a guard period is needed).
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Figure 2: UE timing errors at the switch point.
For a collocated RX, the TAE and impact of propagation channel can be removed by the two TA loops, but the UE alignment error Tae remains. 
ULSNP
UE switch time masks for sharing are not relevant, but the impact of the errors TAE and Tae remains. From a BS perspective, the UL timing should still be aligned to within a fraction of the CP (15k assumed). This applied both for a collocated and non-collocated BS RX.
3 UE timing for FDM sharing
There are no requirements for FDM sharing in the current version of the specifications, only band combinations. 
Just as for TDM, the UL timing in the BS should be aligned to within a fraction of the CP. We recall that the CG/RAT TA management is independent.
ULSUP
For ULSUP the UE must be able to transmit LTE and NR simultaneously in a similar fashion as for intra-band contiguous EN-DC. One of the issues then the UE capabililty of managing indendent TA on the two CGs. For EN-DC the capability bit ul-TimingAlignmentEUTRA-NR was introduced to allow the UE follow a single TA loop, which enables implementations with a common FFT/PA. This capability bit can also be used for ULSUP-FDM.
Besides the timing requirements, another issue with ULSUP-FDM is the large back-off requirements for compliance with unwanted emissions (LTE and NR allocations can be non-contigous), comparable to the draconic A-MPR allowance for intra-band contiguous EN-DC. 
ULSNP
For ULSNP there are no issues with power back-off allowances other than those for the individual RATs. However, there are still timing alignment requirements regardless of the BS RX, both errors errors TAE and Tae must be accounted for.
4 BS TAE (38.104)
Many of the scenarios above indicate that a stict requirement on the BS TAE is beneficial for UL sharing, perhaps less than or equal to 3 us. The SCS = 30k case may pose a different requirement due to the shorter CP.
5 Requirements on MRTD (38.133)
MRTD requirements for UL sharing in a (antenna) collocated scenario should be specified if not already covered by the EN-DC requirement (note that the existing MRTD requirement inter-band EN-DC is 33 us).
6 UE sharing capability indication
For ULSUP, there are a number of existing capability parameters that are relevant also for the present case. These are listed below:

4.2.7.9
MRDC-Parameters
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	asyncIntraBandENDC

Indicates whether the UE supports asynchronous FDD-FDD intra-band EN-DC with MRTD and MTTD as specified in clause 7.5 and 7.6 of TS 38.133 [5]. If it is not supported for FDD-FDD intra-band EN-DC, the UE supports only synchronous FDD-FDD intra-band EN-DC.
	BC
	No
	FDD only
	FR1 only

	[…]
	
	
	
	

	ul-SharingEUTRA-NR

Indicates whether the UE supports EN-DC with EUTRA-NR coexistence in UL sharing via TDM only, FDM only, or both TDM and FDM from UE perspective as specified in TS 38.101-3 [4].
	BC
	No
	No
	FR1 only

	ul-SwitchingTimeEUTRA-NR

Indicates support of switching type between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective as defined in clause 6.3B of TS 38.101-3 [4]. It is mandatory to report switching time type 1 or type 2 if UE reports ul-SharingEUTRA-NR is tdm or both.
	BC
	[Yes]
	No
	FR1 only

	ul-TimingAlignmentEUTRA-NR

Indicates whether to apply the same UL timing between NR and LTE for dynamic power sharing capable UE operating in a synchronous intra-band contiguous EN-DC. If this field is absent, UE shall be capable of handling a timing difference up to applicable MTTD requirements when operating in a synchronous intra-band contiguous EN-DC network, as specified in TS 38.133 [5]. If this capability is included in an inter-band EN-DC BC with an intra-band EN-DC BC part, this capability is used to indicate the restriction to the intra-band EN-DC BC part.
	BC
	No
	No
	No


The parameter ul-SharingEUTRA-NR can be reused as is for the present case, also the ul-SwitchingTimeEUTRA-NR, possibly with an alternative mapping between “Type” and a switching-time requirement for the variable-duplex case. No ASN-1 change is needed.

The parameter ul-TimingAlignmentEUTRA-NR could possibly be used for cases in which single-TA management is needed, similar to intra-band contiguous EN-DC. 

The current MRDC capability parameters for UL sharing can be reused for FDD bands with variable duplex. Howver, these bands must be tied to other features and deployment scenarios (requirements) in the specification.
ULSUP

Support of a band with variable duplex is conditioned on the appropriate EN-DC combination. 

ULSNP 

For ULSNP there is no need for UE indication (transparent), but support of these bands is linked to requirements approporated for a collocated scenario.
7 Conclusion
The BS TAE and the UL timing alignment error must be accounted for in the specification of UL sharing, both for sharing from a UE and network perspective and regardless of the FDM or TDM multiplexing schemes. The requirements should allow implementation flexibility.
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