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Enhancements to multi-TRP/panel transmission is a key part of the Release 16 WI on NR MIMO enhancement [1]. In RAN1#96bis meeting, the following agreements were reached [2]:

Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH

Agreement
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)

Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none
· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results
· Specification impact, and UE complexity need to be considered as well.
· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 
· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)

Agreement
For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

In this contribution, we present our views on multi-TRP transmission for both eMBB and for URLLC in the DL direction. Discussion of UL multi-panel multi-TRP transmission is presented in our companion contribution [3].  

Multi-TRP/panel transmissions for eMBB 

 DMRS
Following the agreement from the RAN1#96 meeting, the DMRS ports with different TCIs cannot be in the same CDM group. The implication for this agreement is different for single PDCCH and for multi-PDCCH case. For the single PDCCH single PDSCH case, transmission from both TRPs are scheduled by the same DCI as a single PDSCH, so DMRS ports from both TRPs need to be indicated by the single DCI field. For multi-PDCCH multi-PDSCH case, each TRP only schedules a single PDSCH it will transmit, and no cross DMRS port indication is required. We discuss these two different cases separately.

Single PDCCH, single PDSCH transmission.
During the Xi’an meeting, RAN1 could not reach consensus on the support of enhancing codeword layer mapping for multi-TRP transmission. The consequence of this is that the Release 15 codeword to layer mapping rule applies to multi-TRP. There is a single CW when the transmission rank is 4 or less, and 2 CWs when the rank is higher than 4. Because only the DMRS ports from a same TRP are QCL with each other and share similar channel properties, the DMRS ports from different TRPs should not be multiplexed in a same CDM group. We now analyze how the DMRS port indication tables in Release 15 are measured against these criteria. The cases of Type 1 and Type 2 DMRS with maximal one or two DMRS symbols are analyzed in the Appendix. 

For single PDCCH, single PDSCH multi-TRP transmission, the minimal number of transmission rank is 2. When the transmission rank is 4 or less, one CW is transmitted from 2 TRPs. The transmission rank from the two TRPs can be (1,1), (1,2), (2,1), (2,2), (1,3), (3,1). When the transmission rank is above 4, two CWs are transmitted in PDSCH, but they are not necessarily respectively from a TRP. The transmission rank from two TRPs for 2 CWs can be (3,2), (3,2), (1,4), (4,1), (3,3), (3,4), (4,3) and (4,4). The TCI state field in DCI format 1_1 indicates which two TCIs are associated with the DMRS ports transmitted from the two TRPs. Because of the TCI field points to a first TCI and a second TCI, the two sets of DMRS ports are not interchangeable. For example, transmissions from the two TRPs with rank (1,2) and (2,1) require different DMRS indications. When we attempt to apply the entries of DMRS port indication tables single PDSCH/single PDCCH transmission, we find many of the required rank combinations are missing. These tables are examined in details in the Appendix 6.1. We summarize the transmission rank combinations supported by the Table 7.3.1.2.2-1 to Table 7.3.1.2.2-4 in TS38.212 of Release 15 as below: 

Table 1. Number of supported DMRS port indication codewords for single-PDCCH/single-PDSCH transmission in the Release 15 DMRS indication tables. 
	
	Transmission ranks from TRP1 and TRP2
	Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2 

	1 CW
	(1,1)
	1
	1
	1
	1

	
	(1,2)
	0
	0
	0
	0

	
	(2,1)
	1
	1
	3
	3

	
	(1,3)
	0
	0
	0
	0

	
	(3,1)
	0
	0
	0
	0

	
	(2,2)
	1
	2
	2
	2

	2 CWs
	(3,2)
	N/A
	1
	1
	1

	
	(2,3)
	N/A
	0
	0
	0

	
	(1,4)
	N/A
	0
	0
	0

	
	(4,1)
	N/A
	0
	1
	1

	
	(3,3)
	N/A
	1
	0
	1

	
	(2,4)
	N/A
	0
	0
	0

	
	(4,2)
	N/A
	0
	1
	1

	
	(3,4)
	N/A
	0
	0
	0

	
	(4,3)
	N/A
	1
	0
	1

	
	(4,4)
	N/A
	1
	0
	1




It is clear that most transmission rank combinations required for single-PDCCH/single-PDSCH transmission from 2 TRPs are not supported. Even for those transmission ranks that are supported, for most of the cases there is only one DMRS port indication usable. This severely limits the flexibility of the scheduler. The following observations can be made:

Observation 1: 
a) When applying the Release 15 DMRS port indication table to single PDCCH, single PDSCH multi-TRP transmission, most entries cannot be used. 
b) Many transmission rank combinations cannot be supported. 
c) For those transmission rank combinations that can be supported, the available entries (ports used) are severely limited and cannot support transmission to more than one UEs.

We think it is necessary to design new DMRS ports indication tables for single PDCCH, single PDSCH transmission. The new table should support all possible transmission rank combinations from the two TRPs. It is also preferable that transmissions to two UEs, either both are transmitted from both TRPs, or at least one of them is transmitted from both TRPs, can be supported.

Proposal 1: Redesign the DMRS antenna ports indication tables for single-PDCCH/single-PDSCH transmission to support all possible transmission rank combinations from both TRPs. It is preferable that the new tables can support more than one UEs.

Multi-PDCCH multi-PDSCH transmission. 
In this case each TRP schedules its own PDSCH with its own PDCCH. Each TRP schedules its own PDSCH with a PDCCH. Because the total number of CWs received by a UE cannot be more than 8, each PDSCH contains a single CW with up to 4 layers. We assume the codeword to layer mapping scheme of Release 15 is reused, and DMRS ports sent from different TRPs shall be in separate CDM groups. We assume the TCI field in the DCI format 1_1 points to only a single TCI state, and this single TCI state applies to all the DMRS ports indicated by the antenna ports field in the same DCI. For Type 1 DMRS, because there are two CDM groups, each PDSCH shall use one CDM group and leave the other CDM group blank for the other PDSCH. For Type 2 DMRS, because there are three CDM groups, each PDSCH can use one, sometimes two CDM groups, while leaving at least another CDM group blank for the other PDSCH. When we attempt to apply the entries of DMRS port indication tables multi-PDSCH/multi PDCCH transmission, we find some of the entries cannot be used. These tables are examined in details in the Appendix 6.2. We summarize the transmission rank combinations supported by the Table 7.3.1.2.2-1 to Table 7.3.1.2.2-4 in TS38.212 of Release 15 as below: 

Table 2. Number of supported DMRS port indication codewords for multi-PDCCH/multi-PDSCH transmission in the Release 15 DMRS indication tables (single CW only). 

	
	Transmission rank
	Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2 

	1 CW
	1
	4
	12
	10
	10

	
	2
	2
	8
	8
	14

	
	3
	0
	2
	0
	3

	
	4
	0
	2
	0
	3



From Table 2, we can see that some DMRS tables do not support all the possible transmission ranks. Between 25% to 50% entries of all the DMRS port indication codewords cannot be used because they do not reserve another CDM group for the other UE. Some DMRS tables do not support all the transmission ranks. The following observations can be made:

Observation 2: 
a) When applying the Release 15 DMRS port indication table to multi PDCCH, multi PDSCH multi-TRP transmission, 20-50% entries cannot be used. 
b) Some transmission ranks cannot be supported. 
c) For those transmission ranks that can be supported, the available entries (ports used) are limited for some cases and more plentiful for others. 

We believe it is best to update the DMRS indication table for multi-PDCCH, multi-PDSCH transmission. The entries that cannot be used for multi-PDCCH, multi-PDSCH transmission should be replaced. All the transmission ranks for single CW (1 to 4) should be supported by all the tables. It is preferable that transmission to another UE can be simultaneously supported. 
Proposal 2: Update the DMRS port indication tables for multi-PDCCH, multi-PDSCH multi-TRP transmission to support all the transmission ranks, and multiplexing with another UE if possible.

PUCCH for separate ACK/NACK feedback to multi TRP
It is agreed that ACK/NACK for different TRPs should be transmitted separately for multiple TRPs with non-ideal backhaul, and supporting TDMed PUCCH transmission for separated ACK/NACK to different TPRs is already agreed in RAN1 #96bis meeting. Three alternatives for PUCCH resource configurations are proposed and agreed in last meeting. Both of Alt 1 and Alt 2 propose that the PUCCH resource carrying ACK/NACK for different TRPs should be configured as TDMed resources. It can ensure that the ACK/NACK to different TRPs can always be transmitted if they are scheduled to be transmitted in a same slot. This simplifies the UE’s behavior since it only needs to follow TRP’s scheduling without overlapping issues. In NR R15 specification, it is known that one PUCCH resource can be a short type resource which occupies at most 2 OFDM symbols or a long type resource which occupies 4 or more OFDM symbols. In some cases, a UE should use a long type PUCCH resource to transmit ACK/NACK where the long type PUCCH may occupy 7 or more symbols to ensure the PUCCH’s coverage. Besides, the ACK/NACK transmission corresponds to scheduled PDSCH is dynamic. One TRP can’t be aware the scheduling of the other TRP, which prevents the coordination of ACK/NACK transmission for multiple TRPs with non-ideal backhaul. Therefore, if a PUCCH resource with more than 7 symbols is configured for one TRP’s ACK/NACK transmission, then all the PUCCH resources with no less than 7 symbols can’t be configured for another TRP’s ACK/NACK transmission. According to this analysis, a UE can’t be configured with PUCCH resource(s) for ACK/NACK transmission with more than 7 symbols for both of TRPs with Alt1 or Alt2. It severely limits the TRP’s scheduling flexibility and use case if Alt1 or Alt2 is adopted. On the other side, Alt3 can allow the PUCCH resources configured for different TRPs overlapped which can cover all the use cases and don’t limit the TRP’s scheduling. Therefore, we proposal that Alt 3 should be supported for PUCCH resource configuration for separate ACK/NACK feedback to different TRPs.
Proposal 3: Support Alt3 for PUCCH resource configuration for separate ACK/NACK feedback.

When PUCCH resources configured for two TRPs overlap in the time domain, a rule is required to determine which resources to use when the UE needs to send ACK/NACK to both TRPs in the same slot. Based on previous agreements, PUCCH transmissions to the two TRPs should not overlap in time. It is possible that multiple PUCCH resources are configured in the same slot for transmission to a TRP, and some PUCCH resource pairs do not overlap. The UE needs to decide whether it can use some non-overlapping PUCCH resource pairs to transmit to each of the TRPs, or it has to drop the PUCCH of one TRP in order to transmit to the other TRP. Such resource reselection rule and dropping rule should be studied.
Proposal 4: Study the resource reselection rule and dropping rule for overlapping PUCCH resources for separate ACK/NACK feedback. 

When multiple UCI types (ACK/NACK, CSI, SR) for a TRP are multiplexed and transmitted from UE to TRPs in separate PUCCH resources, the priority of UCI types should be taken into account by the PUCCH resource selection scheme. While meeting the TDM PUCCH transmission requirement, the PUCCH to each TRP should transmit as much UCI as possible. If not all UCI information bits can be carried, ACK/NACK should be transmitted with higher priority than CSI information bits. The Release 15 UCI priority and dropping rule can be reused. The details of PUCCH resource selection for separate feedback to multiple TRPs with multiple UCI types is FFS. 

Proposal 5: The details of PUCCH resource selection for separate feedback to multiple TRPs with multiple UCI types is FFS.

Joint ACK/NACK feedback to multi TRPs with ideal backhauls
For multi PDCCH, multi PDSCH transmission, ACK/NACK information are separate for separate TRPs. When the TRPs are connected by ideal backhaul, UE can send all the ACK/NACK information to one of the TRPs. This TRP can forward the ACK/NACK information to the other TRP through the backhaul without additional delay. Multiplexing more ACK/NACK bits may provide additional coding gain due to of more encoded bits. Depending on the PUCCH resource configuration, it may also provide ACK/NACK information to both TRPs earlier than separate feedback. When transmitting ACK/NACK information to more than one TRP together, how the ACK/NACK information for multiple TRPs are multiplexed, and which PUCCH resource to use for transmitting the multiplexed ACK/NACK information, should be further studied.
Proposal 6: ACK/NACK information for multiple TRPs can be multiplexed together and sent to one of the TRPs for ideal backhaul. Details of ACK/NACK multiplexing and PUCCH resource configuration/selection should be FFS. 

Rate matching for multi-PDCCH multi-PDSCH transmission
SSB, CRS and CORESET
In Release 15, rate matching for PDSCH is performed with respect to DMRS, SSB, ZP and NZP CSI-RS, configured CORESETand LTE CRS.  Because the maximal number of CWs received by a UE at any time is two, a UE can receive from 2 PDSCHs scheduled and transmitted by two different TRPs. SSB, LTE CRS are cell specific instead of TRP specific and can be rate matched similar to Release 15. When each of the TRP is configured with its own CORESETs, two TRPs can coordinate their PDCCH transmission in their CORESETs in the long time scale, and configure their RateMatchPattern accordingly. For TRPs with different cell IDs, they each follow the SSB and CRS configurations of their respective cells. The Release 15 rate matching pattern can be reused for CORESET.  
Proposal 7: Reuse the Release 15 rate matching mechanism for SSB, LTE-CRS, CORESET.

ZP-CSI-RS
Periodic and semi-persistent reference signals such as periodic and semi-persistent ZP-CSI-RS can be coordinated by the TRPs and configured to the UE through RRC and MAC-CE.  Aperiodic ZP-CSI-RS can be triggered by DCI. If configured (or triggered), UE can perform rate matching around these REs according to its configuration. Alternatively, gNB can decide not to puncture the PDSCH transmitted from one TRP in the resources used by the other TRP for ZP-CSI-RS, in order to include the inter-TRP interference in the CSI calculation. For aperiodic ZP-CSI-RS sent by one TRP triggered by CSI report triggering, the other TRPs should perform regular DL transmission in the same REs for accurate CSI measurement. Therefore there is no need to design new rate matching mechanism for periodic, semi-persistent or aperiodic ZP-CSI-RS. 
Proposal 8: Reuse the Release 15 rate matching mechanism for periodic, semi-persistent or aperiodic ZP-CSI-RS. 


TCI field for single PDCCH, single PDSCH transmission
It was agreed in the Athens meeting that each TCI code point can be mapped to 1 or 2 TCI states, depending on whether the PDSCH is transmitted by one or two TRPs. This simplified the UE receiver design by enabling the same TCI indicating scheme to apply to both single-PDCCH and multi-PDCCH design. For single PDCCH design, gNB can flexibly schedule transmission from one or multiple TRPs when the TRPs are connected with ideal backhaul. Transmission from one or two TRPs requires combination of two TCI states, and this more than doubles the number of potential TCI states considering all the possible combinations. MAC-CE can be used to configure the value of TCI field in DCI, but to allow flexible scheduling from one or two TRPs, it may be necessary to increase the number of bits allocated to TCI in PDCCH to more than 3. To balance the DCI overhead and scheduling flexibility, we propose to make the number of TCI bits in DCI format 1_1 RRC configurable. 
Proposal 9: The size of the TCI field in DCI format 1_1 should be RRC configurable between 3 to 4 bits.   

Multi-TRP/panel transmission for URLLC 
Scheme 1 (SDM)
In RAN1#96b, scheme 1a was agreed:
Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

To support URLLC SDM scheme 1a, Rel-16 eMBB TCI indication framework, and codeword to layer mapping and DM RS antenna port indication specified for eMBB single-PDCCH/single PDSCH based multi-TRP transmission can be reused. Additionally, the Rel-16 DCI format scheduling a multi-TRP based PDSCH can include an indication whether each codeword is from a different TB (i.e. for eMBB) or from the same TB (i.e. for URLLC).

Proposal 10: Reuse the DCI format designed for eMBB single-PDCCH/single PDSCH based multi-TRP transmission to support URLLC SDM scheme 1a, with including the indication whether each codeword is from a different TB (i.e. for eMBB) or from the same TB (i.e. for URLLC).
 
Scheme 2 (FDM)
For FDM, each non-overlapped frequency resource allocation is associated with one TCI state. Since the transmissions are not overlapping, the number of layers can vary across the transmission occasions as when the rank of the channels varies with resource allocation. 
Proposal 11: The number of DMRS ports / layers in each frequency allocation can be different in Option 2b.
The channel quality can vary across the resources allocated for each transmission occasion, and if, in addition, the number of layers transmitted on each non-overlapped frequency resource allocation  change, the variation in SNR across symbols could become significant. Therefore,  assigning different MCS across frequency allocations should be adopted.  
For single DCI design, how to indicate the resource allocation for each PDSCH repetition is to be studied after agreeing on the PDSCH transmission scheme. It would be however, beneficial to decide if a single resource allocation field is used in DCI to indicate total allocated resources or separate fields are used to indicate each of the non-overlapped frequency allocations. Such a design principle may affect decision on whether/how much MCS/modulation order can be different across different sets of non-overlapped frequency resources.  
In our view, both downlink resource allocation schemes, type 0 and type 1, should be supported given advantages of each resource allocation scheme (e.g., in terms of DCI size and UE multiplexing with eMBB traffic).
Proposal 12: 
· Support using different MCS for different non-overlapped frequency resource allocations. The set of possible MCSs across the sets may depend on whether total or separate allocated resources are indicated in the DCI.
· Support both resource allocation type 0 and 1.

In general, PDSCH mapping type A is used for eMBB, and PDSCH mapping type B is used for URLLC to support very low latency where the transmissions can happen on a small fraction of the slot. For this reason, “PDSCH mapping type B + PDSCH mapping type B” for single DCI multi-TRP URLLC transmissions should be supported for both FDM and SDM repetition schemes. 
Proposal 13: “PDSCH mapping type A + PDSCH mapping type A” and “PDSCH mapping type B + PDSCH mapping type B” for single DCI multi-TRP URLLC transmissions should be supported for both FDM and SDM.
Schemes 3&4 (TDM)
In RAN1#96b, schemes 3&4 are agreed:
Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98

In release 15 NR, inter-slot interpolation of the channel estimates in PDSCH slot aggregation is not allowed due to potential change in antenna virtualization or precoding across slots (In section 4.4.1 of TS38.211, “For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within the same resource as the scheduled PDSCH, in the same slot, and in the same PRG as described in clause 5.1.2.3 of [6, TS 38.214]”). For similar reason, for schemes 3&4, channel estimation interpolation across mini-slots or slots with the same TCI index should not be allowed.    
Proposal 14: For scheme 3&4, a UE shall not assume that the channel over which a PDSCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed if the two symbols are within the same resource as the scheduled PDSCH but in the different slots with the same TCI index.
Scheme 3 can be extended beyond the one slot limitation, i.e., to transmit mini-slot based repetitions across slots. This can be useful when there is a limited number of mini-slot repetitions within a slot due to beam switching delay and/or when the data arrives in the middle of the slot. Under Rel-16 eURLLC PUSCH enhancement AI, potential schemes, in which one UL grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots, and their issues (e.g. how to handle orphan symbols, determination of available symbols) have been extensively discussed. A similar scheme as to be agreed for enhanced time-domain repetition of PUSCH should also be adopted for time-domain repetition of PDSCH.  
Proposal 15: Regarding further details on time-domain repetition of PDSCH (Schemes 3&4), wait for the decision of Rel-16 eURLLC PUSCH enhancement. A similar scheme as to be agreed for enhanced time-domain repetition of PUSCH should also be adopted for time-domain repetition of PDSCH.

Miscellaneous aspects
Antenna ports quasi co-location
In release 15 if the time gap between scheduling PDCCH (DCI format 1-1) and the corresponding PDSCH is smaller than a threshold (timeDurationForQCL), the UE assumes PDSCH DMRS is quasi co-located with the RS of the QCL parameter of a monitored CORESET with the lowest CORESET-ID in the latest PDCCH monitoring slot (cf. excerpt below). In multi-TRP scenario where a single PDCCH schedules PDSCH with different layers/frequency resources/slots/mini-slots corresponding to different TRPs with time gap smaller than timeDurationForQCL, it should be further discussed how UE determines QCL of DM-RS ports of PDSCH. One way is to assume 
· PDSCH DMRS for the PDSCH transmitted by the first TRP is quasi co-located with the RS of the QCL parameter of a monitored CORESET with the lowest CORESET-ID in the latest PDCCH monitoring slot, and
· PDSCH DMRS for the PDSCH transmitted by the second TRP is quasi co-located with the RS of the QCL parameter of the 
· CORESET used for the PDCCH transmission associated with the PDSCH or alternatively 
· monitored CORESET with the second lowest CORESET-ID in the latest PDCCH monitoring slot


Excerpt from TS 38.214:

For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states contains
'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.

Proposal 16: Further study how UE determines QCL of DM-RS ports of PDSCH with different layers/frequency resources/slots/mini-slots corresponding to different TRPs scheduled by single PDCCH when the time gap between PDCCH and PDSCH is smaller than timeDurationForQCL.

Conclusion
We have discussed multi-TRP/multi-panel DL transmission. Our proposals are summarized below:


Observation 1: 
d) When applying the Release 15 DMRS port indication table to single PDCCH, single PDSCH multi-TRP transmission, most entries cannot be used. 
e) Many transmission rank combinations cannot be supported. 
f) For those transmission rank combinations that can be supported, the available entries (ports used) are severely limited and cannot support transmission to more than one UEs.

Observation 2: 
d) When applying the Release 15 DMRS port indication table to multi PDCCH, multi PDSCH multi-TRP transmission, 20-50% entries cannot be used. 
e) Some transmission ranks cannot be supported. 
f) For those transmission ranks that can be supported, the available entries (ports used) are limited for some cases and more plentiful for others. 

Proposal 1: Redesign the DMRS antenna ports indication tables for single-PDCCH/single-PDSCH transmission to support all possible transmission rank combinations from both TRPs. It is preferable that the new tables can support more than one UEs.
Proposal 2: Update the DMRS port indication tables for multi-PDCCH, multi-PDSCH multi-TRP transmission to support all the transmission ranks, and multiplexing with another UE if possible.
Proposal 3: Support Alt3 for PUCCH resource configuration for separate ACK/NACK feedback.
Proposal 4: Study the resource reselection rule and dropping rule for overlapping PUCCH resources for separate ACK/NACK feedback. 
Proposal 5: The details of PUCCH resource selection for separate feedback to multiple TRPs with multiple UCI types is FFS.
Proposal 6: ACK/NACK information for multiple TRPs can be multiplexed together and sent to one of the TRPs for ideal backhaul. Details of ACK/NACK multiplexing and PUCCH resource configuration/selection should be FFS. 
Proposal 7: Reuse the Release 15 rate matching mechanism for SSB, LTE-CRS, CORESET.
Proposal 8: Reuse the Release 15 rate matching mechanism for periodic, semi-persistent or aperiodic ZP-CSI-RS. 
Proposal 9: The size of the TCI field in DCI format 1_1 should be RRC configurable between 3 to 4 bits.   
Proposal 10: Reuse the DCI format designed for eMBB single-PDCCH/single PDSCH based multi-TRP transmission to support URLLC SDM scheme 1a, with including the indication whether each codeword is from a different TB (i.e. for eMBB) or from the same TB (i.e. for URLLC).
Proposal 11: The number of DMRS ports / layers in each frequency allocation can be different in Option 2b.
Proposal 12: 
· Support using different MCS for different non-overlapped frequency resource allocations. The set of possible MCSs across the sets may depend on whether total or separate allocated resources are indicated in the DCI.
· Support both resource allocation type 0 and 1.
Proposal 13: “PDSCH mapping type A + PDSCH mapping type A” and “PDSCH mapping type B + PDSCH mapping type B” for single DCI multi-TRP URLLC transmissions should be supported for both FDM and SDM.
Proposal 14: For scheme 3&4, a UE shall not assume that the channel over which a PDSCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed if the two symbols are within the same resource as the scheduled PDSCH but in the different slots with the same TCI index.
Proposal 15: Regarding further details on time-domain repetition of PDSCH (Schemes 3&4), wait for the decision of Rel-16 eURLLC PUSCH enhancement. A similar scheme as to be agreed for enhanced time-domain repetition of PUSCH should also be adopted for time-domain repetition of PDSCH.
Proposal 16: Further study how UE determines QCL of DM-RS ports of PDSCH with different layers/frequency resources/slots/mini-slots corresponding to different TRPs scheduled by single PDCCH when the time gap between PDCCH and PDSCH is smaller than timeDurationForQCL.
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Appendix
Analysis of R15 DMRS port indication tables when applied to single PDCCH/single PDSCH transmission
We analyze how the DMRS port indication tables of Release 15 can be applied to the single PDCCH, single PDSCH multi-TRP transmission in the DL. We assume the codeword to layer mapping scheme of Release 15 is reused, and DMRS ports sent from different TRPs shall be in separate CDM groups. Those entries that cannot be used for transmission from two TRPs are marked in red. 

Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2 (2,1)

	10
	2
	0-3 (2,2)

	11
	2
	0,2 (1,1)

	12-15
	Reserved
	Reserved



Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)
	Number of front-load symbols

	0
	1
	0 (1,0)
	1
	0
	2
	0-4 (3,2)
	2

	1
	1
	1 (1,0)
	1
	1
	2
	0,1,2,3,4,6 (3,3)
	2

	2
	1
	0,1 (2,0)
	1
	2
	2
	0,1,2,3,4,5,6 (4,3)
	2

	3
	2
	0 (1,0)
	1
	3
	2
	0,1,2,3,4,5,6,7 (4,4)
	2

	4
	2
	1 (1,0)
	1
	4-31
	reserved
	reserved
	reserved

	5
	2
	2 (0,1)
	1
	
	
	
	

	6
	2
	3 (0,1)
	1
	
	
	
	

	7
	2
	0,1 (2,0)
	1
	
	
	
	

	8
	2
	2,3 (0,2)
	1
	
	
	
	

	9
	2
	0-2 (2,1)
	1
	
	
	
	

	10
	2
	0-3 (2,2)
	1
	
	
	
	

	11
	2
	0,2 (1,1)
	1
	
	
	
	

	12
	2
	0 (1,0)
	2
	
	
	
	

	13
	2
	1 (1,0)
	2
	
	
	
	

	14
	2
	2 (0,1)
	2
	
	
	
	

	15
	2
	3 (0,1)
	2
	
	
	
	

	16
	2
	4 (1,0)
	2
	
	
	
	

	17
	2
	5 (1,0)
	2
	
	
	
	

	18
	2
	6 (0,1)
	2
	
	
	
	

	19
	2
	7 (0,1)
	2
	
	
	
	

	20
	2
	0,1 (2,0)
	2
	
	
	
	

	21
	2
	2,3 (0,2)
	2
	
	
	
	

	22
	2
	4,5 (2,0)
	2
	
	
	
	

	23
	2
	6,7 (0,2)
	2
	
	
	
	

	24
	2
	0,4 (2,0)
	2
	
	
	
	

	25
	2
	2,6 (0,2)
	2
	
	
	
	

	26
	2
	0,1,4 (3,0)
	2
	
	
	
	

	27
	2
	2,3,6 (0,3)
	2
	
	
	
	

	28
	2
	0,1,4,5 (4,0)
	2
	
	
	
	

	29
	2
	2,3,6,7 (0,4)
	2
	
	
	
	

	30
	2
	0,2,4,6 (2,2)
	2
	
	
	
	

	31
	Reserved
	Reserved
	Reserved
	
	
	
	



Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)

	0
	1
	0
	0
	3
	0-4 (3,2) or (4,1)

	1
	1
	1
	1
	3
	0-5 (4,2)

	2
	1
	0,1
	2-31
	reserved
	reserved

	3
	2
	0
	
	
	

	4
	2
	1
	
	
	

	5
	2
	2
	
	
	

	6
	2
	3
	
	
	

	7
	2
	0,1
	
	
	

	8
	2
	2,3
	
	
	

	9
	2
	0-2 (2,1)
	
	
	

	10
	2
	0-3 (2,2)
	
	
	

	11
	3
	0
	
	
	

	12
	3
	1
	
	
	

	13
	3
	2
	
	
	

	14
	3
	3
	
	
	

	15
	3
	4
	
	
	

	16
	3
	5
	
	
	

	17
	3
	0,1 (2,0)
	
	
	

	18
	3
	2,3 (0,2)
	
	
	

	19
	3
	4,5 (2,0)
	
	
	

	20
	3
	0-2 (2,1)
	
	
	

	21
	3
	3-5 (2,1)
	
	
	

	22
	3
	0-3 (2,2)
	
	
	

	23
	2
	0,2 (1,1)
	
	
	

	24-31
	Reserved
	Reserved
	
	
	



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2 
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4 (3,2)/(4,1)
	1

	1
	1
	1
	1
	1
	3
	0-5 (4,2)
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6 (3,2)
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8 (3,3)
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8 (4,3)
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9 (4,4)
	2

	6
	2
	3
	1
	6-63
	Reserved
	Reserved
	Reserved

	7
	2
	0,1
	1
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	

	9
	2
	0-2 (2,1)
	1
	
	
	
	

	10
	2
	0-3 (2,2)
	1
	
	
	
	

	11
	3
	0
	1
	
	
	
	

	12
	3
	1
	1
	
	
	
	

	13
	3
	2
	1
	
	
	
	

	14
	3
	3
	1
	
	
	
	

	15
	3
	4
	1
	
	
	
	

	16
	3
	5
	1
	
	
	
	

	17
	3
	0,1
	1
	
	
	
	

	18
	3
	2,3
	1
	
	
	
	

	19
	3
	4,5
	1
	
	
	
	

	20
	3
	0-2 (2,1)
	1
	
	
	
	

	21
	3
	3-5 (2,1)
	1
	
	
	
	

	22
	3
	0-3 (2,2)
	1
	
	
	
	

	23
	2
	0,2 (1,1)
	1
	
	
	
	

	24
	3
	0
	2
	
	
	
	

	25
	3
	1
	2
	
	
	
	

	26
	3
	2
	2
	
	
	
	

	27
	3
	3
	2
	
	
	
	

	28
	3
	4
	2
	
	
	
	

	29
	3
	5
	2
	
	
	
	

	30
	3
	6
	2
	
	
	
	

	31
	3
	7
	2
	
	
	
	

	32
	3
	8
	2
	
	
	
	

	33
	3
	9
	2
	
	
	
	

	34
	3
	10
	2
	
	
	
	

	35
	3
	11
	2
	
	
	
	

	36
	3
	0,1
	2
	
	
	
	

	37
	3
	2,3
	2
	
	
	
	

	38
	3
	4,5
	2
	
	
	
	

	39
	3
	6,7
	2
	
	
	
	

	40
	3
	8,9
	2
	
	
	
	

	41
	3
	10,11
	2
	
	
	
	

	42
	3
	0,1,6
	2
	
	
	
	

	43
	3
	2,3,8
	2
	
	
	
	

	44
	3
	4,5,10
	2
	
	
	
	

	45
	3
	0,1,6,7
	2
	
	
	
	

	46
	3
	2,3,8,9
	2
	
	
	
	

	47
	3
	4,5,10,11
	2
	
	
	
	

	48
	1
	0
	2
	
	
	
	

	49
	1
	1
	2
	
	
	
	

	50
	1
	6
	2
	
	
	
	

	51
	1
	7
	2
	
	
	
	

	52
	1
	0,1
	2
	
	
	
	

	53
	1
	6,7
	2
	
	
	
	

	54
	2
	0,1
	2
	
	
	
	

	55
	2
	2,3
	2
	
	
	
	

	56
	2
	6,7
	2
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	

	58-63
	Reserved
	Reserved
	Reserved
	
	
	
	




Analysis of R15 DMRS port indication tables when applied to multi PDCCH/multi PDSCH transmission
We analyze how the DMRS port indication tables of Release 15 can be applied to the multi PDCCH, multi PDSCH multi-TRP transmission in the DL. Each TRP schedules its own PDSCH with a PDCCH. Because the total number of CWs received by a UE cannot be more than 8, each PDSCH contains a single CW with up to 4 layers. We assume the codeword to layer mapping scheme of Release 15 is reused, and DMRS ports sent from different TRPs shall be in separate CDM groups. Those entries that cannot be used for transmission from two TRPs are marked in red. 

Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2 (2,1)

	10
	2
	0-3 (2,2)

	11
	2
	0,2 (1,1)

	12-15
	Reserved
	Reserved



Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)
	Number of front-load symbols

	0
	1
	0 (1,0)
	1
	0
	2
	0-4 (3,2)
	2

	1
	1
	1 (1,0)
	1
	1
	2
	0,1,2,3,4,6 (3,3)
	2

	2
	1
	0,1 (2,0)
	1
	2
	2
	0,1,2,3,4,5,6 (4,3)
	2

	3
	2
	0 (1,0)
	1
	3
	2
	0,1,2,3,4,5,6,7 (4,4)
	2

	4
	2
	1 (1,0)
	1
	4-31
	reserved
	reserved
	reserved

	5
	2
	2 (0,1)
	1
	
	
	
	

	6
	2
	3 (0,1)
	1
	
	
	
	

	7
	2
	0,1 (2,0)
	1
	
	
	
	

	8
	2
	2,3 (0,2)
	1
	
	
	
	

	9
	2
	0-2 (2,1)
	1
	
	
	
	

	10
	2
	0-3 (2,2)
	1
	
	
	
	

	11
	2
	0,2 (1,1)
	1
	
	
	
	

	12
	2
	0 (1,0)
	2
	
	
	
	

	13
	2
	1 (1,0)
	2
	
	
	
	

	14
	2
	2 (0,1)
	2
	
	
	
	

	15
	2
	3 (0,1)
	2
	
	
	
	

	16
	2
	4 (1,0)
	2
	
	
	
	

	17
	2
	5 (1,0)
	2
	
	
	
	

	18
	2
	6 (0,1)
	2
	
	
	
	

	19
	2
	7 (0,1)
	2
	
	
	
	

	20
	2
	0,1 (2,0)
	2
	
	
	
	

	21
	2
	2,3 (0,2)
	2
	
	
	
	

	22
	2
	4,5 (2,0)
	2
	
	
	
	

	23
	2
	6,7 (0,2)
	2
	
	
	
	

	24
	2
	0,4 (2,0)
	2
	
	
	
	

	25
	2
	2,6 (0,2)
	2
	
	
	
	

	26
	2
	0,1,4 (3,0)
	2
	
	
	
	

	27
	2
	2,3,6 (0,3)
	2
	
	
	
	

	28
	2
	0,1,4,5 (4,0)
	2
	
	
	
	

	29
	2
	2,3,6,7 (0,4)
	2
	
	
	
	

	30
	2
	0,2,4,6 (2,2)
	2
	
	
	
	

	31
	Reserved
	Reserved
	Reserved
	
	
	
	



Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
(rank from 2 TRPs)

	0
	1
	0
	0
	3
	0-4 (3,2) or (4,1)

	1
	1
	1
	1
	3
	0-5 (4,2)

	2
	1
	0,1
	2-31
	reserved
	reserved

	3
	2
	0
	
	
	

	4
	2
	1
	
	
	

	5
	2
	2
	
	
	

	6
	2
	3
	
	
	

	7
	2
	0,1
	
	
	

	8
	2
	2,3
	
	
	

	9
	2
	0-2 (2,1)
	
	
	

	10
	2
	0-3 (2,2)
	
	
	

	11
	3
	0
	
	
	

	12
	3
	1
	
	
	

	13
	3
	2
	
	
	

	14
	3
	3
	
	
	

	15
	3
	4
	
	
	

	16
	3
	5
	
	
	

	17
	3
	0,1 (2,0)
	
	
	

	18
	3
	2,3 (0,2)
	
	
	

	19
	3
	4,5 (2,0)
	
	
	

	20
	3
	0-2 (2,1)
	
	
	

	21
	3
	3-5 (2,1)
	
	
	

	22
	3
	0-3 (2,2)
	
	
	

	23
	2
	0,2 (1,1)
	
	
	

	24-31
	Reserved
	Reserved
	
	
	



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2 

	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4 (3,2)/(4,1)
	1

	1
	1
	1
	1
	1
	3
	0-5 (4,2)
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6 (3,2)
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8 (3,3)
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8 (4,3)
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9 (4,4)
	2

	6
	2
	3
	1
	6-63
	Reserved
	Reserved
	Reserved

	7
	2
	0,1
	1
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	

	9
	2
	0-2 (2,1)
	1
	
	
	
	

	10
	2
	0-3 (2,2)
	1
	
	
	
	

	11
	3
	0
	1
	
	
	
	

	12
	3
	1
	1
	
	
	
	

	13
	3
	2
	1
	
	
	
	

	14
	3
	3
	1
	
	
	
	

	15
	3
	4
	1
	
	
	
	

	16
	3
	5
	1
	
	
	
	

	17
	3
	0,1
	1
	
	
	
	

	18
	3
	2,3
	1
	
	
	
	

	19
	3
	4,5
	1
	
	
	
	

	20
	3
	0-2 (2,1)
	1
	
	
	
	

	21
	3
	3-5 (2,1)
	1
	
	
	
	

	22
	3
	0-3 (2,2)
	1
	
	
	
	

	23
	2
	0,2 (1,1)
	1
	
	
	
	

	24
	3
	0
	2
	
	
	
	

	25
	3
	1
	2
	
	
	
	

	26
	3
	2
	2
	
	
	
	

	27
	3
	3
	2
	
	
	
	

	28
	3
	4
	2
	
	
	
	

	29
	3
	5
	2
	
	
	
	

	30
	3
	6
	2
	
	
	
	

	31
	3
	7
	2
	
	
	
	

	32
	3
	8
	2
	
	
	
	

	33
	3
	9
	2
	
	
	
	

	34
	3
	10
	2
	
	
	
	

	35
	3
	11
	2
	
	
	
	

	36
	3
	0,1
	2
	
	
	
	

	37
	3
	2,3
	2
	
	
	
	

	38
	3
	4,5
	2
	
	
	
	

	39
	3
	6,7
	2
	
	
	
	

	40
	3
	8,9
	2
	
	
	
	

	41
	3
	10,11
	2
	
	
	
	

	42
	3
	0,1,6
	2
	
	
	
	

	43
	3
	2,3,8
	2
	
	
	
	

	44
	3
	4,5,10
	2
	
	
	
	

	45
	3
	0,1,6,7
	2
	
	
	
	

	46
	3
	2,3,8,9
	2
	
	
	
	

	47
	3
	4,5,10,11
	2
	
	
	
	

	48
	1
	0
	2
	
	
	
	

	49
	1
	1
	2
	
	
	
	

	50
	1
	6
	2
	
	
	
	

	51
	1
	7
	2
	
	
	
	

	52
	1
	0,1
	2
	
	
	
	

	53
	1
	6,7
	2
	
	
	
	

	54
	2
	0,1
	2
	
	
	
	

	55
	2
	2,3
	2
	
	
	
	

	56
	2
	6,7
	2
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	

	58-63
	Reserved
	Reserved
	Reserved
	
	
	
	










