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Introduction
RAN2#107 is first meeting for RAN2 to discuss the Rel-16 NR MIMO WI while RAN1 has been working on from the October 2018 meeting.  RAN1 has sent the following LSs to RAN2 on this WI: 
R1-1903697 LS on support of Enhancements on multi-TRP/panel transmission [1]
[bookmark: _Hlk16256528]R1-1907966 LS on MIMO enhancement for NR [2]
R1-1907870 LS on MAC CE design for SCell BFR [3]
In this paper we go through the (gu)estimated RAN2 work for this WI.
MultiTRP options
Based on the LSs received, the multiTRP operation may be supported with multiple PDCCHs (same or different cellID) or with one PDCCH (same cell ID).
Multiple PDCCH
RAN2 received input related to multi-PDCCH in two LSs. The LS in [1] treats only multi-PDCCH transmission and includes:
For multiple PDCCH based multi-TRP/panel transmission, 
· The total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2 and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs. One CORESET in a “PDCCH-config” corresponds to one TRP.
· Separate ACK/NACK payload/feedback for received PDSCHs is supported. For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 

The LS in [2] includes RAN1 agreements across the MIMO WI and the multi-TRP related are:

On multiple PDCCH based multi-TRP/panel transmission, 
· For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability.  
· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs. 
· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET. Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP. This does not preclude configuring the index for other purposes.
· At least for eMBB with M-DCI NCJT in order to generate different PDSCH scrambling sequences, support enhancing RRC configuration to configure multiple dataScramblingIdentityPDSCH. 
· For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission and for LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell


The multiTRP with multi PDCCH is addressed in [4]. We are looking into the existing protocol structures and conclude and carrier aggregation RRC signalling and protocol structure seems to seamlessly support the multi-TRP multi-PDCCH scheme.

[bookmark: _Toc16610638][bookmark: _Toc16611644]Carrier aggregation RRC signalling and protocol structure seems to seamlessly support the multi-TRP multi-PDCCH. Further details in [4].

Single PDCCH
The LS in [2] includes RAN1 agreements across the MIMO WI and the multi-TRP related are:


For single PDCCH based multi-TRP/panel transmission, 
· 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 and FFS design for DMRS type 2. MAC-CE can be enhanced to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
On multi-TRP/panel transmission based URLLC, 
· FDM schemes 2a (single-RV) and 2b (multi-RV) are supported subject to UE capability. For scheme 2b, additional UE capability is specified to inform the gNB whether the UE can support CW soft combining.

In this mode of operation, UE is configured with one serving cell and with one PDCCH and network may transmit single PDSCH/codeword from multiple TRPs such that different layers are transmitted from different TRPs. This is transparent to higher layers as a mode of operation. However, RAN1 envisions that there is a new MAC CE needed for updating the TCI states corresponding to this transmission. We address this in a separate contribution [5].

[bookmark: _Toc16611645]The multi-TRP single-PDCCH operation is transparent to higher protocol layers. RAN2 impact limited to possible MAC CE needed to point more than one TCI state to one DCI codepoint [5].

Beam management
Beam management aspects are in general addressed by the LS in [2]
On multi-beam operation,
· Beam measurement and reporting of L1-SINR:
· UE can be higher-layer configured to report up to N (1,2,3, or 4) SSBRI/CRIs and the corresponding L1-SINR values
· When L1-SINR and dedicated IMR are configured, a UE can be configured with one of three interference measurement resource schemes (ZP only, NZP only, or (WA) ZP+NZP)
· Beam failure recovery for SCell
· 1-port periodic CSI-RS configuration for SCell BFD. At least for explicit configuration, downlink RS for BFD is in current CC.
· When SCell BFR and new beam identification RSs are configured (SSB or CSI-RS), UE is (always) configured with an L1-RSRP-based threshold. The new beam identification RSs can also be configured in the active BWP of the CC where BFR is configured or another CC within the same band 
· Step 1 BFRQ can be carried by at least a dedicated SR-like PUCCH resource over PCell or SCell. Step 2 BFRQ for SCell is carried via MAC CE (WA).
· A UE can be configured to perform BFR for any configured SCells where the maximum number of SCells is a UE capability
· Overhead/latency reduction of beam management
· The maximum number of spatial relations for PUCCH (configured via RRC) is increased to 64.
· For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE is supported with (at least) up to two groups (WA) per BWP 
· Spatial relation update for aperiodic SRS (per resource level) is performed via MAC CE, for at least codebook-based/non-codebook-based UL transmissions, beam management, and (WA) antenna switching per SRS resource level
· Up to 64 candidate beams per BWP can be configured for BFR via RRC signaling
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling

The work seems to include three different MAC CEs and RRC updates. The MAC CEs are for beam failure recovery request, for PUCCH spatial indication and for aperiodic SRS spatial relation indication. The RRC updates are related to beam failure recovery in SCell, new L1 feedback reporting, PUCCH and SRS. The details of the MAC CE for BFRQ are in LS [3] and discussed separately in [7]. Rest of the beam management aspects are discussed in [6].


[bookmark: _Toc16611646]The multi-beam operation seems to require three MAC CEs and RRC updates addressed in[6][7].
Other
The Rel-16 NR MIMO WI includes also a set of other enhancements listed in LS[2]. These are:
On CSI enhancement for MU-MIMO support,
· In addition to the SD codebook parameters (N1,N2) (analogous to Rel.15), the SD and FD compression parameters (L, p, are higher-layer configured. Whether these parameters are configured jointly (only a few combinations can be valid) or separately is to be decided. 
· Note: the parameter p controls the value of M
· When RImax is configured to be >2, the value of parameter p for RI=3-4 can be different from that for RI=1-2. Whether the two values are configured jointly or separately is to be decided.
· The number of PMI subbands is higher-layer configured from two possible values of R
· When the number of compression units is larger than 19, the value of  is higher-layer configured 

On low PAPR RS, 
· General agreements:
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Rel.16 DMRS is not supported for MSG3 transmissions, Rel.15 behavior is used for MSG3
· When scheduled by DCI format 0_0 with CSS, the new Rel-16 DMRS is not supported.
· Agreements for CP-OFDM based PUSCH and for PDSCH:
· The RRC parameters DMRS-DownlinkConfig and DMRS-UplinkConfig are extended to configure the alternative use of Rel. 16 sequence selection and behavior for the 2nd and 3rd CDM group for PDSCH and PUSCH respectively and for CP-OFDM only. DCI is not used to select between Rel.15 and Rel.16 behaviour
· For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
· Note: It is up to the editor whether/how to capture this agreement
· Agreements for pi/2-BPSK modulation for PUSCH
· For PUSCH DMRS with pi/2-BPSK modulation, two RRC parameters ScramblingID0 and ScramblingID1 can be configured by RRC as for CP-OFDM DMRS (16 bit per ID)
· Used in cinit for length ≥30 as n_ID^{n_SCID=0}, n_ID^{n_SCID=1}
· For length<30, these parameters are used as N_ID^PUSCH is configured as either ScramblingID0 or ScramblingID1 depending on DCI
· For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30
· Cell ID default scrambling parameter(s) unless configured otherwise
· Use c_init formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator
· When Rel-16 sequence for pi/2 BPSK PUSCH DMRS is configured, the Rel-16 sequence is used for all sequence lengths.
· If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.
· Agreements for pi/2-BPSK modulation for PUCCH
· [bookmark: _Ref5017040]Support PUCCH DMRS enhancements for PUCCH format 3 and 4
· When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 and Format 4 is configured, the Rel-16 sequence is used for all sequence lengths.
· 
Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length >30 is determined according to the following: the Gold sequence shall be initialized in the same way as for the DMRS for PUCCH format 2 in NR Rel-15, i.e.,  
· If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is obtained from dmrs-UplinkForPUSCH-MappingTypeB.
· The group and sequence hopping procedures in section 6.3.2.2.1 of TS38.211 in Release 15 are applied to Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length ≤ 30.
· The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port.

On UL full power transmission,
· UE capability signaling for UL full power transmission
· For UE capability 2 and 3, two modes (with separate UE capabilities) are supported and a UE can be configured for one of the two modes

[bookmark: _GoBack]For the above it seems only RRC impact is expected. We expect RAN1 to provide RRC parameters for these.

Conclusion
We made the following observations:
Observation 1	Carrier aggregation RRC signalling and protocol structure seems to seamlessly support the multi-TRP multi-PDCCH. Further details in [4].
Observation 2	The multi-TRP single-PDCCH operation is transparent to higher protocol layers. RAN2 impact limited to possible MAC CE needed to point more than one TCI state to one DCI codepoint [5].
Observation 3	The multi-beam operation seems to require three MAC CEs and RRC updates addressed in[6][7].
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