3GPP TSG RAN WG1#104bis-e R1-2103312
E-meeting, April.12%-20®", 2021

Agenda Item: 8.8.1.3 - Joint channel estimation for PUSCH
Source: Sony

Title: UE configuration for enhanced JCE in TDD
Document for: Discussion

1 Introduction

In this contribution, we discuss potential ways to enhance joint channel estimation following the coverage
enhancement work item objectives [1]:

- Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

o Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions,
based on the conditions to keep power consistency and phase continuity to be investigated
and specified if necessary, by RAN4 [RAN1, RAN4].

During discussions of Joint Channel Estimation (JCE) in RAN1#104-¢, the issue of limited usability for
JCE in TDD was brought. The problem arises from the fact that only back-to-back UL transmissions are
supported and that the typical UL/DL configurations in TDD networks often use heavy ratios and in
particular for FR2 there will be very limited opportunities for JCE.

On the other hand, RAN4 has concluded the following conditions for UE to maintain the phase continuity
in the Reply on LS on PUCCH and PUSCH repetition [2]:

o For non-back-to-back transmission with non-zero gap in-between adjacent transmissions,
RAN4 concluded that at least the following additional condition also needs to be met in
addition to the conditions under Q1:

= No downlink reception in-between the PUSCH or PUCCH repetition in the same
band for TDD case

o In scenarios with no more than X un-scheduled OFDM symbols in-between the PUSCH
or PUCCH repetition (e.g., X =10, 1, 2, ..., 14), and a scenario with other physical
signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g.,
SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still
discussing if X can be non-zero value and UE can maintain phase continuity

The RAN4 reply indicates the possibility for UEs to maintain the phase continuity and amplitude
consistency for non-back-to-back UL transmission. In this contribution, we share our views on the
feasibility of enabling the non-back-to-back UL JCE.

2 Discussion

A view shared with other companies is that, to maintain the phase continuity and amplitude consistency
from the UE transmission, it is important to ensure the state of PA through the transmission cycle. Methods
to enable non-back-to-back UL JCE are:

2.1 DL-blanking

A first approach would be to configure the UE to ignore the mediating DL resources (c.f. X in RAN4 reply).
Wherefore, the gNB blanks said DL resources. If the gNB can configure a UE to ignore Rx symbols (i.e.
by keeping the Tx active without transmitting) the UE would be able to maintain phase continuity and
amplitude consistency, which would enable UL JCE.



A drawback with this approach would be that DL resources are wasted, and it might therefore only make
sense in UL dominated scenarios. The advantage is that the cell can be configured with an UL/DL ratio
which is optimal for the total cell throughput.

From a specification perspective, this concept would need some signaling to define what DL symbols that
are allowed to be blanked.

Observation 1: For UL dominated traffic, a UE can be configured to ignore DL symbols to maintain UL
phase continuity and amplitude consistency.

Proposal 1: Enable JCE by configuring DL blanking to UEs.

2.2 Separate UL / DL antennas in FR1
A second approach is to configure the UE to use different antenna ports.

Figure 1 schematically shows a typical UE front-end module (FEM) implementation for FR1 TDD
operation.
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Figure 1. Typical FEM implementation for FR1 TDD operation.

In Figure 1, there are two antenna ports, a cross switch (to ensure that UL can gain access to the best
antenna port) and an Rx/Tx switch. The problem is that the enable signal (e.g. bias) to the PA and the
change in load impedance from the Rx/Tx switch results in a phase jump which deteriorates the phase
continuity each time a UL/DL switching occur (see, e.g. [3]). The secondary receiver path is used for DL
diversity/multiplexed operation, which, in CE scenarios, relates to diversity.

We propose to configure the UE to use different antennas for UL and DL. Figure 2 shows how the same
FEM can be configured to use different antennas for UL and DL.

Observation 2: For UEs with cross switch (1-Tx-z-Rx, where z>2), or in general terms, UEs that have
multiple Rx/Tx chains, it is possible to use different antennas for UL and DL traffic during the JCE window.
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Figure 2. FEM implementation for FR1 TDD operation with different Rx and Tx antennas.



By keeping the Rx/Tx switch configured for Tx and the PA active (without transmitting) during the Rx
symbols, the phase and amplitude can be kept consistent. During DL the alternative antenna is used.

Possible challenges that may need further study relate to additional power consumption (as the PA is
constantly biased) and isolation between the ports if there is noise leaking out from the PA that may
desensitize the receiver.

Proposal 2: Companies are encouraged to investigate the additional power needed to keep the PA biased
during the DL periods.

Proposal 3: Companies are encouraged to investigate the required isolation between the antenna ports to
avoid desensitization from PA noise leakage.

The specification impact of enabling the use of different antennas for UL and DL, relates to capability and
possibly UE rejecting the request. The UE capability needs to be specified since legacy UEs are not
assumed to support the dual antenna operation feature. If the conditions are such that the received signal at
the secondary antenna is not strong enough the UE must be able to reject dual antenna operation.

Proposal 4: Companies are encouraged to investigate the probability of having too weak signal at the
second antenna.

Proposal 5: UE capability of supporting JCE and signaling that JCE is not applicable is needed.

2.3 Separate UL/DL panels in FR2

Similarly, as for FR1, also for FR2 different antenna panels can be used to enable the PAs to be
continuously active over DL durations to maintain phase continuity and amplitude consistency.
Implementation wise, as shown in Figure 3, different panels may be associated with different polarizations
or spatial coverages.

If the same spatial coverage is needed among different panels, the panels may need to be placed side by
side for Tx/Rx respectively. In this case, there would be no additional specification impact.
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Figure 3. Two antenna panels, each associated with a spatial coverage or polarization.

On the other hand, if the UE would not be able to maintain the same spatial coverage between the multiple
panels, there are implications on the specification relating to beam management, which need to be managed
outside the JCE window. Similarly, as for FR1, also for FR2 mutual awareness is needed, since this
operational mode very much depends on the availability of an alternative DL beam-pair, which needs to
be configured in case it is a different gNB beam.

Hence, there are two scenarios to consider. In the first scenario it is the same gNB beam that can be received
with an alternative UE beam. In this case, the UE may report that it supports UL JCE on the same beam.
In the second scenario the UE needs to additionally indicate the alternative gNB DL beam where it expects
DL signals.

Observation 3: For FR2 a UE needs to be able to request an alternative beam for DL.



2.3.1 The target scenario for JCE
In the LS reply from RANA4 [2], the following question has been raised:

“For analysis of the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1
if RANL1 has specific scenario what RAN4 should focus in their study? «

In our understanding, it is important to clarify the scenario for the UL JCE so that RAN1/RAN4 can
guantify the acceptable tolerance of phase continuity and amplitude consistency. This is critical to examine
the feasibility from UE implementation aspect as well as to define potential requirement in the future.

Proposal 6: Companies are encouraged to estimate the required tolerance of the phase and the amplitude
consistency needed for JCE.
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