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Introduction
In RAN1#98 meeting, the following agreements on design for single-PDCCH based multi-TRP transmission and reliability/robustness enhancement with multi-TRP/panel transmission were achieved [1]. 

Agreement
For single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 
· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.
· Principle 2: No consensus to have additional specification support for MU cases
· Principle 3: No consensus to have additional specification support for two CWs

Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b: 
· The number of TCI states is 2
· Support up to 2 transmission layers for scheme 2a 

Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 
· The maximum number of TCI states is 2
· Resource allocation in time domain:
· Support same number of consecutive symbols scheduled for transmission occasion 
· For scheme 3 
· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot  

Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 
· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

Agreement
For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 
· The supported maximum TBS size is dependent on UE capability 

Agreement
PDSCH repetition indication mechanism: 
· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis
· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC
· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions
· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis
· Option 1: It is dynamically indicated 
· Option 2: By high-layer signaling following Rel-15 mechanism 

Agreement
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 
· the first TCI state is applied to the first indicated CDM group
· the second TCI state is applied to the second indicated CDM group 
FFS: the definition of the first or second indicated CDM group
FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS

Agreement
For single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group.

In this contribution, we provide our views on reliability/robustness enhancements with multi-TRP/panel transmission. 

Reliability/robustness enhancements with multi-TRP/panel transmission 
PDSCH repetition indication mechanism
For scheme 3 and 4, an issue on PDSCH repetition over multiple TRP was remained, which is whether the number of transmission occasions is dynamically indicated or some implicit indication ways. On email discussion on this issue, we have reached following approval with a bunch of options; 

Email approval [98-NR-18]
PDSCH repetition indication mechanism: 
· For indication on the number of transmission occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis 
· Option 1: It is dynamically indicated
· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC
· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 1-3: it is determined by the allocated PDSCH length L using pre-defined value (e.g. 2 for L =4 or 7, 2/4/6 for L = 2. FFS: how to associate a predefined value of 2/4/6 with the starting symbol S)
· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.
· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 
· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions 
· FFS: whether/how X>1 to be supported 
· For above options, the symbol locations corresponding to different transmission occasions can be further discussed taking into account DL/UL switching. 
· For indication on the number of transmission occasions for scheme 4, select one of the following in RAN1#98bis 
· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 2: By high-layer signaling following Rel-15 mechanism 

Regarding the number of repetitions, it is associated with use case, i.e., performance requirements and channel conditions. For example, in URLLC, one requirement is composed by very low latency and moderate reliability while the other one requirement is composed by higher reliability and moderate latency. For scheme 3, not only reliability enhancement but also low latency communication is expected by using mini-slot repetition. To correspond to each requirement instantly, dynamic indication of the number of PDSCH repetitions should be supported. 

Proposal 1: For scheme 3, support dynamic indication on the number of PDSCH repetitions. 

On the other hand, for scheme 4, indication mechanism on the number of PDSCH repetition with single-TRP has already supported in Rel-15 using pdsch-AggregationFactor. We think that slot-based repetition is to achieve reliable communication without strict latency requirement compared to mini-slot based repetition. Therefore, it is reasonable to reuse existing framework to reduce working load on Rel-16 multi-TRP/panel transmission item. 

Proposal 2: For scheme 4, reuse Rel-15 frame work on PDSCH repetition.
 
Frequency resource allocation on each transmission occasions state for TDM scheme 
On the above discussion on PDSCH repetition for TDM scheme, we may have potential issue whether frequency resource allocation on each transmission occasions is same or different. On this issue, some scenarios can be considered in figures below;


Figure 1 TCI states mapping on transmission occasion {#1, #2, #1, #2}


Figure 2 TCI state mapping on transmission occasion {#1, #1, #2, #2}

In each scenario, the number of repetitions is four and two times of transmission occasion is considered for each TCI state respectively. A difference between Figure 1 and Figure 2 is TCI state mapping on transmission occasion, which Figure 1 is composed by TCI states {#1, #2, #1, #2} while Figure 2 is composed by TCI states {#1, #1, #2, #2}. A difference between scenarios on the same figure is frequency allocation on each transmission occasion for each TCI state. In all scenarios, things in common are that each TCI state must use different frequency resources on 2nd transmission occasion compared to 1st transmission occasion. What we would like to mention here is that to enhance reliability/robustness with TDM scheme, not only time domain diversity but also frequency diversity gain should be considered if the number of indicated repetitions is larger than the number of configured TCI states. Considering that blockage scenario, frequency diversity is key technology to keep communication reliable. 
In order to apply different frequency allocation to each TCI state’s transmission occasion, frequency hopping mechanism defined in Rel-15 Type 1/Type 2 configured grant PUSCH transmission can be used for PDSCH repetition transmission because frequency hopping is not defined in downlink transmission even if single TRP based transmission. 

Proposal 3: Different frequency resource allocation for each transmission occasion for each TCI state respectively using frequency hopping mechanism in Rel-15 configured grant UL transmission should be supported if the number of indicated repetitions is larger than the number of configured TCI states. 

Indication mechanism on multi-TRP/panel transmission schemes
In the several meetings so far, a variety of transmission schemes were supported. As mentioned in previous contribution [2], URLLC-based multi-TRP/panel transmission schemes have different benefits respectively depending on the conditions such as channel state, resource utilization, UE antenna configuration, frequency range, TB size, UE capability and so on. To fully take advantage of URLLC, a combination of schemes like combined schemes should be encouraged to consider. That is to say, TDM repetition can be combined with SDM and FDM scheme. Therefore, we can consider following 11 schemes. 

Observation 1: For URLLC with multi-TRP/panel transmission, 11 schemes can be considered following: 
1. Scheme 1a
2. Scheme 2a
3. Scheme 2b
4. Scheme 3
5. Scheme 3 + Scheme 1a
6. Scheme 3 + Scheme 2a
7. Scheme 3 + Scheme 2b
8. Scheme 4
9. Scheme 4 + Scheme 1a
10. Scheme 4 + Scheme 2a
11. Scheme 4 + Scheme 2b

Some previous discussion regarding simulation results so far, environment condition achieved performance gain is different according to FDM schemes (i.e., 2a/2b) due to different coding rate. Therefore, it is desirable to switch above multiple schemes dynamically according to the conditions to make more flexible configuration. However, as described in previous section, the number of repetitions for scheme 4 should reuse mechanism using Rel-15 pdsch-AggregationFactor. In other words, whether slot-based repetition or not is configured by higher layer signaling. Like this, it is also necessary to consider supporting multiple URLLC schemes without changing conventional design. 
What RAN1 has to need to consider is indication mechanism of mini-slot based repetition (i.e., related to Scheme 3), which is not defined in Rel-15 specification. Generally, mini-slot based repetition is used for latency critical use case. Therefore, by using reserved bit or defining new bit field in DCI, dynamic indication on multi-TRP/panel transmission scheme should be supported. 

Proposal 4: TDM-based combination scheme, i.e., TDM+FDM and TDM+SDM, should be supported.
Proposal 5: For indication of multiple schemes on URLLC with multi-TRP/panel transmission, dynamic indication without changing conventional design should be supported. 

Whether to support multi-PDCCH based FDM scheme with repetition for URLLC
This issue is not in the scope of discussion, but in previous meeting, some companies provide the simulation results that multi-PDCCH based FDM scheme make scheme more flexible and this solution can bring performance benefit on certain conditions. However, in blockage scenario, each PDCCH may not be possible to reach UE, which can be made further performance degradation. In URLLC with multi-TRP/panel transmission use case, since reliability can be guaranteed by repetition, not aggressive scheduling such as higher MCS configuration but more reliable way is needed. Therefore, we think PDCCH from multi-TRP is used for PDCCH reliability enhancement if multi-PDCCH based scheme have to be considered. 

Proposal 6: Only single-PDCCH based FDM scheme with repetition should be supported in Rel-16. 
· FFS: PDCCH enhancements with multi-TRP/panel transmission

Conclusion
In this contribution, we discussed multi-TRP/panel transmission for reliability/robustness enhancements. Based on the discussion, our views are summarized as follows.

Observation 1: For URLLC with multi-TRP/panel transmission, 11 schemes can be considered following: 
1. Scheme 1a
2. Scheme 2a
3. Scheme 2b
4. Scheme 3
5. Scheme 3 + Scheme 1a
6. Scheme 3 + Scheme 2a
7. Scheme 3 + Scheme 2b
8. Scheme 4
9. Scheme 4 + Scheme 1a
10. Scheme 4 + Scheme 2a
11. Scheme 4 + Scheme 2b

Proposal 1: For scheme 3, support dynamic indication on the number of PDSCH repetitions. 
Proposal 2: For scheme 4, reuse Rel-15 frame work on PDSCH repetition.
Proposal 3: Different frequency resource allocation for each transmission occasion for each TCI state respectively using frequency hopping mechanism in Rel-15 configured grant UL transmission should be supported if the number of indicated repetitions is larger than the number of configured TCI states. 
[bookmark: _GoBack]Proposal 4: TDM-based combination scheme, i.e., TDM+FDM and TDM+SDM, should be supported.
Proposal 5: For indication of multiple schemes on URLLC with multi-TRP/panel transmission, dynamic indication without changing conventional design should be supported. 
Proposal 6: Only single-PDCCH based FDM scheme with repetition should be supported in Rel-16. 
· FFS: PDCCH enhancements with multi-TRP/panel transmission
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