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1 Introduction 
In RAN1 #Adhoc1901 meeting, regarding multiple-PDCCH design, following agreement was made [1]. 

	Agreement

For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs




In this contribution, we discuss remaining open issues such as DL Multi-PDCCH configuration and dynamic TRP differentiation regarding multiple-PDCCH based design
2 Discussion
2.1  Dynamic TRP differentiation for PDCCH/PDSCH in multiple-PDCCH based design
In Rel15 NR specification, during the reception of a PDCCH in a CORESET (Control Resource Set), a UE can select RX beam based on TCI (Transmission Configuration Indicator) state information which indicates QCL for the DMRS of the CORESET. In Rel16 NR, the UE can receive multiple beams based on multiple antenna panels. To realize multiple PDCCH monitoring, both RX antenna panel selection and RX beam selection is required at the UE side. Each PDCCH is allocated in a CORESET which is associated with an antenna panel/beam. 
In the previous meeting, there were discussion regarding suitable IE (Information Element) in RRC configuration in which the TCI state information including TRP differentiation can be configured [2]. The PDCCH-Config IE is related to CORESET existence, search space, downlink preemption, power control, etc. There is no TCI related parameter in the PDCCH-Config IE. On the other hand, in the ControlResouceSet IE, there is tci-StatesPDCCH-ToAddList which has several TCI states to receive to each PDCCHs in a CORESET. The TCI states in the ControlResouceSet IE is a subset of TCI states for PDSCH/DMRS reception. These multiple TCI states in the ControlResouceSet IE should be used to select a beam on a RX antenna panel. It should not be used to select multiple combination of a RX beam on a RX Antenna panel for TRP differentiation because it is heavy burden for some UE to monitor a CORESET using multiple simultaneous active RX antenna panel associated with different TRP.
Table1 summary of TRP differentiation scheme in the configuration IE
	Configuration
	Suitable or not
	Reason

	Multiple PDCCH-config IE to multiple TRP
	Not
	There is no TCI related information in the IE.

	TCI in the ControlResouceSet IE to one TRP
	Suitable
	There is TCI related information already. The TCI in the IE can easily differentiate TRP.

	TCI in the ControlResouceSet IE to multiple TRP
	Not
	To mandates UE to monitor the CORESET using multiple simultaneous active RX antenna panel is heavy burden for a certain UE.


Proposal 1: TCI states in a ControlResouceSet IE corresponds to one TRP.
Regarding dynamic TRP differentiation for PDSCH, in Rel15, the TCI included in the DCI can indicate QCL relationship between DMRS for PDSCH and CSI-RS/SSB etc. Since flexible scheduling to realize various use cases URLLC, blocking issue, etc., the DCI should provide QCL relationship between DMRS for PDSCH and CSI-RS/SSB coming from some TRPs to differentiate the TRP.
Proposal 2: The TCI in a DCI for PDSCH reception shall differentiate a TRP dynamically.

In rel15, the TCI states in the ControlResouceSet IE is a subset of TCI states for PDSCH/DMRS reception. The similar design rule should be applied to TRP differentiation mechanism. If RAN1 specify that the TCI states in the ControlResouceSet IE is associated with one RX antenna panel and one TRP, the TRP should be subset of TRP used for PDSCH/DMRS reception as described in Figure 1.
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Figure1 the range of TRP differentiation
Proposal 3: The TRP for a CORESET reception should be selected within the range of TRP differentiations for a PDSCH/DMRS reception.  
Since a TCI for a PDCCH in a CORESET is pre-configured in a semi static manner, the UE always need to activate suitable antenna panel/beam during monitoring of multiple PDCCHs in multiple CORESET. When two CORESETs are multiplexed in an FDM manner in a slot, a UE needs to activate two antenna panels simultaneously.  Some UEs cannot activate multiple antenna panel simultaneously. In that case, two CORESET should be multiplexed in a TDM manner rather than FDM manner. For single antenna panel activation capability UE, the time gap between CORESET should be considered as well.
Proposal 4: Multiple CORESET used for multiple PDCCH with multi-TRP/panel should be multiplexed as follows.

-TDM manner
FFS: the time gap value among CORESETs
-FDM manner with UE capability.
2.2  UE side antenna panel mechanism during SRS antenna switching(Revised)
Following is a discussion scope in this AI. We think that SRS antenna switching with multi-TRP/panel antenna panel to improve URLLC performance is within the work item scope.
RP-182067 WID
	· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signaling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signaling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI



Interpretation of the current situation (Rel 15)

In Rel15 TS38.214 Section 6.2.1, there is a description regarding DL CSI acquisition using antenna switching. In our understanding, the antenna switching is typically performed within 1 slot. In the specific case, aperiodic 1T4R, 2 slots can be used.  When multiple component carriers are configured and multi beam transmissions in a multiple TRP/Panels environment are configured, there are many occasions of the DL CSI acquisition.  For example, with 5 CCs and 3 multiple beams in each of the CCs, 15 different DL CSI acquisitions may be required with different timing.

Observation 1: Under multi beam environment with CA scenario, many DL CSI acquisition occasions may be required with different timing.
During the antenna switching for DL CSI acquisition, UE can’t transmit/receive any other signal (e.g. PUSCH for URLLC UL user data) in any other component carrier, because the UL/DL user data in all component carriers uses the same antenna elements, being switched. 

Observation 2: During the antenna switching for DL CSI acquisition, UE can’t transmit/receive any other signal besides SRS in all component carriers using same antenna element used for the antenna switching.
Identified scenario where relaxation is possible
Antenna switching in Rel15 specification take care up to 4 antenna elements. It is likely that antenna switching operation is performed in one antenna panel at the time. As can be seen in figure 2, there are two antenna panels described as antenna panel(x) and antenna panel(y). There are two frequency resources described as component carrier(i) and component carrier(j).

The antenna elements in antenna panel(x) are different from the antenna elements in antenna panel(y). The frequency resource on component carrier(i) is different from the frequency resource on component carrier(j). During antenna switching operation at antenna panel(x) on component carrier(i) (White box in figure2), UE can transmit/receive other user data on antenna panel(y) on component carrier(j) (Blue box in figure2) because the both the frequency resources and the antenna elements are different.

Proposal 5: In case of antenna switching, a UE can simultaneously transmit PUCCH/PUSCH in different component carrier using different antenna panel.
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Figure 2. Relationship among antenna panel, component carrier and prohibited normal TX/RX
3
Conclusions
In this contribution, the following proposals are made:
Proposal 1: TCI states in a ControlResouceSet IE corresponds to one TRP.
Proposal 2: The TCI in a DCI for PDSCH reception shall differentiate a TRP dynamically.
Proposal 3: The TRP for a CORESET reception should be selected within the range of TRP differentiations for a PDSCH/DMRS reception.  
Proposal 4: Multiple CORESET used for multiple PDCCH with multi-TRP/panel should be multiplexed as follows.

-TDM manner

FFS: the time gap among CORESETs
-FDM manner with UE capability.
Proposal 5: In case of antenna switching, a UE can simultaneously transmit PUCCH/PUSCH in different component carrier using different antenna panel.
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