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1. INTRODUCTION

Per the agreed WID for Rel-17 eMIMO at the RANP #86 [1], four main areas are identified to be studied by RAN1. This sub-agenda item is focused on parts of the second objective related to enhancements for physical channel in multi-TRP and/or multi-panel transmission,

	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 




In this contribution, we discuss our views related to physical channels enhancements in a multi-TRP transmission scenario. 

2. BACKGROUND 
Rel-17 work is preceded by the progress achieved in the Rel-16 eMIMO WID [2] which will serve as a baseline. With respect to multi-TRP/panel transmission, Rel-16 work scope included enhancements on multi-TRP/panel techniques for improved reliability and robustness to satisfy URLLC requirements. Initially the WI was tasked to address all physical channels; however due to time limitation, the Rel-16 multi-TRP/panel work scope was limited to enhancements to PDSCH. As a result, new transmission schemes based on spatial, frequency, and time domain repetitions were introduced. The enhancements enabled combined reception of PDSCH from two TRPs at the UE. In Rel-17, the study switches focus to enhancements for other physical channels, namely: PDCCH, PUSCH, and PUCCH. The objective for this release will be to build upon the Rel-16 work and to determine how to utilize multi-TRP/panel techniques to improve the robustness and reliability of other physical channels than PDSCH. The scenarios under consideration are illustrated in Figure 1. The considered problems are relevant for both FR1 and FR2 frequency bands, and hence potential solutions should be applicable for both cases. However, use of narrow beams in FR2 makes the system’s performance more sensitive to beam selection. Therefore, it is likely that the resulting solutions of the WID will have a greater impact on FR2 operation. 
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[bookmark: _Ref38976645]Figure 1 Multi-TRP enhancements to physical channels

3. ENHANCEMENT OF PHYSICAL CHANNELS 
3.1 [bookmark: _Hlk38869583]PDCCH
It was shown in Rel-16 that the reliability of the PDSCH physical channel could be enhanced with multi-TRP transmission to meet URLLC performance targets. Throughout the study, it was assumed that the control channel was always error-free. However, the PDCCH can also be erroneously received due to various reasons, such as channel conditions and sub-optimal beam pair selection. It is then natural to consider enhancing the downlink control channel to meet similar design targets. 

The gains with PDCCH enhancements are expected to be twofold. Firstly, the DCI can be received more reliably. If a PDCCH is erroneously received, gNB would not see a proper reaction from the UE side, and then the TRP must retransmit the DCI. If the UE fails to decode multiple consecutive instances of PDCCH, an RLF may be declared which is not a desirable situation. Secondly, an improved performance of the PDCCH will also be beneficial in terms of latency and reliability of PDSCH or PUSCH transmissions. For example, if a PDCCH carrying a scheduling information is not decoded correctly, the gNB scheduler may have to retransmit the information several times, leading to increased latency and lower reliability. Therefore, resulted gains from enhancing the PDCCH can significantly benefit URLLC scenarios.  

Multiple TRPs can be used to increase the robustness of the control channel. Similar to the PDSCH case, there are two potential sources of impediment to the PDCCH reliability, that are frequency-selective fading channels and beam related issues, e.g., blockage, changing UE orientation, etc. Spatially separated transmissions provide diversity gain since the signal travels through multiple transmission paths towards its destination. In the case of one path subject to deep fading or blocked, having another uncorrelated path increases the chance of a successful reception. The basic approach consists of sending multiple repetitions of the DCI in one shot as illustrated in Figure 2. One shot in this context means that the multiple DCIs are sent regardless of whether they were all needed. Clearly, a one shot transmission strategy avoids extra latency in the case of a failed decoding of a single DCI, however it has a significant impact on the load and congestion of the PDCCH channel. 



[bookmark: _Ref46397632]Figure 2

There are different ways to accommodate DCI repetitions, e.g., on the same time/frequency resources, on different frequency resource, or on different time resources. Contrary to PDSCH where its resources can be dynamically indicated using the DCI, PDCCH resources are semi-statically configured. To further enhance the effectiveness of repetitions, a combination of beam diversity and repetition can be used. To provide beam diversity, the spatial filter for each repetition should be different and adjusted depending on which TRP sends the repetition.  Unlike Rel-16, where a PDCCH is mapped to a single CORESET configured with a single TCI, using beam diversity for PDCCH transmission requires multiple TCI configurations per PDCCH transmission as illustrated in Figure 2. Therefore, enhancements are required to support transmission and reception of a PDCCH with multiple TCI states. 

Proposal 1: Study solutions to enable PDCCH beam diversity.

For processing and decoding of multiple received DCIs, two main alternatives of with and without combining can be considered where each has its own strengths and weaknesses. In the case of receiver processing without combining, a UE can have multiple chances in decoding of transmitted DCIs, and as long as any one of the copies is decoded correctly, the transmission is considered successful. The main benefit of this approach is in its potential in faster decoding; however, it suffers from not being able to benefit from combining gain and having to monitor multiple CORESETS and performing multiple decoding. On the other hand, if combing of multiple repetition is used as part of receiver processing, the effective SINR is improved, and a higher chance of correct detection can be expected. Also, only one decoding attempt is needed. However, in this case, we face two other problems. First, since different DCIs may be mapped and spanned over different symbols, the UE can combine them only when it has received all of them that may lead to incurring more average latency than the without combining case. Another problem is that in order to combine, a UE needs to know the location of each repetition, as the existing blind decoding procedure does not work. 

Proposal 2: Study benefits and issues related to both with and without combining schemes for PDCCH.

3.2 PUCCH AND PUSCH
Similar issues exist in the uplink as in the downlink. Multi-TRP reception is useful for similar reasons previously stated for the downlink to enable repetitions, spatial diversity, etc. Both PUSCH and PUCCH are within the scope of the Rel-17 WID and could be enhanced using the Rel-16 solutions as the starting point. 

There are special considerations when a transmission originates from a UE. Emerging UE hardware architectures with multiple panels adds a new dimension to the operation and enablement of reliable transmissions. In multi-panel UEs, panels are placed on opposing sides and corners of a UE to provide a better reception and transmission coverage. Such placement strategy introduces transmit and receive diversity and helps to combat against blockage, fading, MPE and other potential transmission impediments that are more pronounced in FR2. 

UEs with multi-panel can potentially operate very reliably in a multi-TRP scenario. In a multi-panel UE, each panel could provide an alternative viable transmission path in the case of experiencing an anomaly in the other path. In such operation, each path requires its own beam-pair to accurately direct the transmission towards the receiving TRP. Enhancements should be studied so that a UE can support transmitting repetitions of an uplink channel towards different TRPs with different spatial transmission filters to provide uplink beam diversity. Such transmission strategy could be applied to both control and data channels; however certain differences may need to be considered. For example, the scheduling parameters for a PUSCH transmission - including the transmission beam - can be dynamic, however resources and transmission parameters of a PUCCH transmission are preconfigured. 

Proposal 3: Rel-17 UL enhancements should enable spatial filter selection for repetitions per TRP. 

There are other new challenges that are introduced when a UE with multiple panels is considered. For example, we can differentiate two different use cases: transmission from a single panel or multi-panel. 



[bookmark: _Ref46406600]Figure 3 Single transmitting panel to multi-TRP

First, let’s consider the case with single panel transmission. The UE may be equipped with multiple panels, but it may only transmit from one at a time as shown in Figure 3. For example, some panels can be deactivated to save power, or transmission alternates sequentially in time between them. Then, it is necessary to select which panel remains active for transmission. If a UE is using a single panel towards multiple TRPs, then a typical use case consists of a TDM transmission where a different spatial transmission filter is used when switching to another TRP. There are two further sub cases to consider: whether the same panel remains active regardless of TRP, or whether different panels are activated/deactivated when switching TRP. Keeping the same panel eliminates the need to wait for switching or activating a different panel; however, relying solely on spatial filtering capability of a panel may not be adequate to compensate for a badly oriented panel. These different modes of operation affect how the spatial filter configurations are assigned. Therefore, enhancements should be introduced to enable efficient panel activation and selection for UL transmissions in a variety of use cases. 

Proposal 4: Introduce solutions to enable efficient panel activation and selection for UL transmission. 



[bookmark: _Ref46406587][bookmark: _Ref46406582]Figure 4 Multi-panel transmission to multi-TRP

In the multi-panel transmission case, a UE has the capability to simultaneously transmit over multiple panels as in Figure 4. Compared to the single panel transmission case, the main benefit is the reduced latency. A TDM-ed single panel transmission may introduce delays to accommodate the panel switching time, which can be avoided with simultaneous TX. In a multi-panel multi-TRP uplink transmission, there may be different potential combinations of simultaneous transmission such as PUSCH/PUSCH or PUCCH/PUCCH that can be considered for reliability enhancements. A tight coordination with potentially some CSI exchange between the TRPs may be useful to reduce interference between the simultaneous transmissions. For example, uplink beams can be carefully selected to mitigate creating interference towards the other TRPs. Multi-TRP is a significant enabler to reap the benefits from simultaneous transmissions. It provides good spatial separation that is necessary to enable uncorrelated transmissions. Additionally, UL coverage is more limited compared to DL due to the UE’s lower transmission power. 

	Given the numerous possible scenarios and their benefits with multi-panel UEs, Rel-17 solutions should consider and support such configurations. While addressing reliability issues for single panel uplink transmission, the enhancements should be forward looking and support different possible uplink transmission schemes. For this reason, we propose to consider both simultaneous and non-simultaneous transmissions to multiple TRPs. 

Proposal 5: Rel-17 enhancements should be flexible enough to support use cases with simultaneous and non-simultaneous transmissions by multi-panel UEs.

4. CONCLUSIONS

This contribution discussed potential enhancements for the multi-TRP physical channels other than PDSCH, namely PDCCH, PUCCH and PUSCH. Based on the presented discussion, we make the following observations and proposals,

Proposal 1: Study solutions to enable PDCCH beam diversity.
Proposal 2: Study benefits and issues related to both with and without combining schemes for PDCCH.
Proposal 3: Rel-17 UL enhancements enable spatial filter selection for repetitions per TRP. 
Proposal 4: Introduce solutions to enable efficient panel activation and selection for UL transmission. 
Proposal 5: Rel-17 enhancements should be flexible enough to support use cases with simultaneous and non-simultaneous transmissions by multi-panel UEs.
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