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Introduction
In RAN1#89, the following agreements concerning multi-TRP and multi-panel transmission have been reached [1]:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
In this contribution, we discuss open issues related to multi-TRP and multi-panel transmission.
DL transmission
Coherent Joint Transmission
The discussion in RAN1 on multi-TRP transmission has been mainly focused on non-coherent joint transmission (JT).  In addition to non-coherent JT, coherent JT provides another way to jointly carry out the transmission to a given device from multiple TRPs/panels.  In coherent JT, each layer of a transport block (TB) is jointly transmitted from multiple TRPs/panels in a phase-coherent manner.  To get the best performance out of coherent JT, it is essential to have an accurate and timely channel state information (CSI), as the performance of coherent JT is very sensitive to CSI accuracy.
In FDD or in non-reciprocity-based coherent JT, the lack of accurate CSI has been one of the main hurdles that limits its performance.  That is, although coherent JT will greatly benefit from a fine granular (i.e. RB or subcarrier level) CSI feedback transmitted frequently with a very granular precoding codebook, such approach will incur prohibitive feedback overhead.   Thus, the performance of a practical coherent JT is typically limited by the lack of accurate CSI imposed by the practical CSI feedback overhead.  Moreover, prior studies on coherent JT shows the benefit of a large cooperation set size.  However, as the cooperation set size grows, the feedback overhead requirement grows at least proportionally. 
For TDD deployments, reciprocity-based MIMO transmission is very attractive because of the overhead savings in CSI feedback and improved MIMO performance by enabling flexible non-codebook based transmission schemes.  For example, the network (e.g. a set of TRPs involved in the coherent JT) can coordinate their SRS resources in an orthogonal manner and request a dense SRS feedback from a set of UEs right before the coherent JT transmission happens.  Since the SRS is received by all the involved TRPs, the overhead requirement scales well with the CoMP cooperation set size.  The SRS enables the network to obtain unquantized (i.e. non-codebook-based) channel estimates on each subcarrier, and this enables the network to create fine-tuned beams on each subcarrier for a very accurate nullforming.  The use of aperiodic SRS enables the network to obtain fresh channel estimates.  For these reasons, it is expected that reciprocity-based coherent JT can achieve much better performance than FDD-based coherent JT without increasing the feedback overhead, because the performance of the latter is limited by the lack of accurate and timely CSI.
Observation 1: Reciprocity-based coherent JT can achieve much better performance than FDD-based coherent JT.
Reciprocity-based coherent JT is also very useful for unlicensed/shared spectrum, as it achieves more efficient use of the shared medium.  It is also very promising for isolated deployments such as gaming arena that would benefit from always-cell-center, high throughput, and low latency performance of coherent JT.  Although the support of reciprocity-based coherent JT is largely spec-transparent, there are some aspects that needs to be considered, in particular, over-the-air reciprocity calibration and time/phase synchronization, which we discussed in [2-3].
Also, coherent JT may require special considerations or favour different parameter selections in various NR design aspects, including (but not limited to) SRS dimensioning, QCL, MCS design, etc.  Therefore, it is recommended that the design of NR channels and procedures take the coherent JT into account as one of the use cases and evaluation scenarios.
Proposal 1: Consider reciprocity-based coherent JT use cases and compatibility in designing NR channels and procedures and in performance evaluations.
Non-coherent Joint Transmission
For non-coherent JT, the following two cases were agreed.
· Case 1: Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Case 2: Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
For Case 1, a UE needs to be signaled with multiple DMRS port groups.  Each DMRS port group is associated with a TRP.  The UE can assume that the DMRS ports in the same group are QCL, but the DMRS ports across different groups are not QCL.  
For Case 2, one open issue is to decide the maximum number of supported NR-PDCCHs/PDSCHs.  It is well known that for JT to be effective, the links between the UE and multiple TRPs should have comparable quality.  As shown in Figure 1, if one link is much weaker than the other link, single-TRP transmission is more favored than multi-TRP transmission.  Since carrying non-coherent JT on the weak link brings marginal gain while the UE need to consume more power for PDCCH/PDSCH decoding.  Even a UE has multiple RF chain/antenna arrays, the chance that more than two links with sufficient separation and comparable path loss is small.
Proposal 2: The maximum supported number of DL NR-PDCCHs/PDSCHs is 2.
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Figure 1: Illustration of cases favoring JT and non-JT.
Even if it is capable of receiving multiple NR-PDSCHs scheduled by multiple NR-PDCCHs, a UE may not be always feasible to do so.  For example, if it’s power consumption budget is limited, the UE may prefer to just decode a single NR-PDCCH/PDSCH for the sake of power saving.  Dynamic signaling of UE’s capability of  1 or 2 NR-PDCCHs/PDSCHs can be considered.  A UE may signal the capability of 2 NR-PDCCHs/PDSCHs at one time but capability of 1 at another time.  The detailed signaling mechanism is FFS.
Proposal 3: Support dynamic signaling to report the supported number of NR-PDCCHs/PDSCHs from UE to gNB.  The detailed signaling mechanism is FFS.
When multiple PDCCH links are configured, regardless if they are from the same TRP/panel or not, a common PDCCH monitoring mechanism should be applied [4]. The monitoring pattern should be configurable and multiple PDCCHs may come in different slot in a TDM fashion or even in the same slot. In the later case, limitation on the maximal number of blind decodes may be considered.   
UL Transmission
For sub-6GHz, multiple antenna panels may be available at the CPE devices.  For higher frequencies, even handheld UEs can be equipped with multiple subarrays motivated by the blockage effect.  The UL transmission can be carried out from multiple panels/subarrays jointly in a spec-transparent manner.  This can be up to UE implementation during beam management.  An established beam pair may include an uplink beam consisting of multiple panels.  
Besides coherent JT among multiple panels/subarrays, non-coherent JT from different panels/subarrays can be scheduled via a single or multiple NR-PDCCHs, as shown in Figure 2.
· Case 1: Single NR-PDCCH schedules single NR-PUSCH where separate layers are transmitted from separate panels/subarrays
· Case 2: Multiple NR-PDCCHs each scheduling a respective NR-PUSCH where each NR-PUSCH is transmitted from a separate panel/subarray
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	 (a) Single NR-PDCCH/PUSCH	(b) Multiple NR-PDCCHs/PUSCHs
Figure 2: Non-coherent JT in UL: Single NR-PDCCH/PUSCH vs multiple NR-PDCCHSs/PUCSCHs.
Due to the limitation of UL transmit power, UE form factor and blockage effect, it’s unlikely that more than 2 panels/subarrays can be available for non-coherent UL JT.  Similar to DL, the maximum supported number of simultaneous UL PDCCHs/PUSCHs is 2. Since it has been agreed that different PDSCHs are scheduled by different PDCCHs, different PUSCH shall also be sechduled by different PDCCH.
Proposal 4: Different PUSCHs are scheduled by different PDCCHs and the maximum supported number of UL NR-PDCCHs/PUSCHs is 2.
In multi-link operation, there could be different association of PUCCH and PDCCH. An immediate option is to have two different PUCCHs associated with two PDCCHs, one for each. A PUCCH beam could be the corresponding PUSCH beam or a slightly wide beam. Another option could be to have one PUCCH associated with two PDCCHs in which the exact PUCCH beam may be dynamically determined by gNB or UE based on some metric.  
Proposal 5: The maximum supported number of PUCCH links is 2 and it can be smaller than the number of PDCCH links.
Note that two NR-PDCCH/NPUSCH links can improve throughput as well as robustness against antenna array blockage.  To fully make use of the benefit of two control/data links, beam management associated with one link using PUCCH over another link should be supported. For instance, a working beam can be used to report a sudden change/failure of another beam so as to invoke coreesponding beam managemen procedure.
Proposal 6: Support beam management/reporting of a beam pair using PUCCH over a second beam pair.
Summary
In this contribution, we have discussed multi-TRP/multi-panel transmission for both DL and UL with the following observations:
Observation 1: Reciprocity-based coherent JT can achieve much better performance than FDD-based coherent JT.
In addition, we have the following propositions:
Proposal 1:	Consider reciprocity-based coherent JT use cases and compatibility in designing NR channels and procedures and in performance evaluations.
Proposal 2:	The maximum supported number of DL NR-PDCCHs/PDSCHs is 2.
Proposal 3:	Support dynamic signaling to report the supported number of NR-PDCCHs/PDSCHs from UE to gNB.  The detailed signaling mechanism is FFS.
Proposal 4:	Different PUSCHs are scheduled by different PDCCHs and the maximum supported number of UL NR-PDCCHs/PUSCHs is 2.
Proposal 5:	The maximum supported number of PUCCH links is 2 and it can be smaller than the number of PDCCH links.
Proposal 6:	Support beam management/reporting of a beam pair using PUCCH over a second beam pair.
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