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1	Introduction
[bookmark: _Ref178064866]In NR Rel-15, two DCI formats were defined for scheduling PDSCH in NR, i.e., DCI format 1_0 and DCI format 1_1.  DCI format 1_0 has a smaller size than DCI format 1_1 and can be used when a UE is not fully connected to the network while DCI format 1_1 can be used for scheduling MIMO (Multiple-Input-Multiple-Output) transmissions with 2 transport blocks (TBs).  
A TCI field is present in DCI format 1_1 when higher layer parameter tci-PresentInDCI is set to 'enabled' in a CORESET.  As specified in 3GPP TS 38.212, the TCI field when enabled contains 3 bits.  The TCI field in DCI format 1_1 indicates the TCI state(s) which provides the source reference signal for PDSCH DMRS ports.  In DCI format 1-0, however, there is no TCI field.
In NR Rel-16, new DCI format 1_2 for DL scheduling is introduced. The DCI format 1_2 also has a TCI field and UE can be configured to monitor both DCI format 1_1 and DCI format 1_2. The following agreements concerning DCI format 1_2 was reached in RAN1:

Agreements:                                                                                                                                
Support additional 1 or 2 bits for “Transmission configuration indication” in DCI format 1_2 
· The candidate value of range for tci-PresentInDCI-ForDCIFormat1_2 is {1, 2, 3} 
· 0 bit for “Transmission configuration indication” in DCI format 1_2 if tci-PresentInDCI-ForDCIFormat1_2 is not configured
· Same RRC configuration on the TCI state list for DCI format 1_1 and DCI format 1_2
· Same TCI states for DCI format 1_1 and DCI format 1_2 are activated by MAC CE
· If 1 bit is configured, then the first two TCI states activated by MAC CE can be dynamically indicated by this 1 bit for single TRP
· If 2 bits is configured, then the first four TCI states activated by MAC CE can be dynamically indicated by this 2 bits for single TRP
In this paper we discuss the applicability of the DCI format 1_2 in context of NR eMIMO.


2	Discussion on DCI format 1_2
The TCI field in DCI format 1_2 can have sizes of 0, 1, 2, or 3 bits.  The presence of the TCI field in DCI format 1_2 is configured per CORESET via the higher layer parameter tci-PresentInDCI-ForDCI-Format1-2. The value of the configured tci-PresentInDCI-ForDCI-Format1-2 per CORESET can be either 1, 2, or 3 which indicates the number of bits in the TCI field of DCI format 1_2 for that CORESET.  
The IE ControlResourceSet is shown below. The observations that can be made are that a UE can be configured with both DCI format 1_1 and DCI format 1_2. With the current code, it is possible for DCI format 1_1 and DCI format 1_2 to each have a TCI field in the same CORESET.  But it is also possible that one CORESET will have DCI format 1_1 with a TCI field, while another CORESET will have DCI format 1_2 with a TCI field.

[bookmark: _Toc37349557]A UE can be configured with both DCI format 1_1 and DCI format 1_2 with TCI field, either in the same or different CORESETs.
Further, these CORESETs may belong to different CORESET Pools. Thus, like with DCI format 1_1, also DCI format 1_2 may have different TCI state(s) to TCI field codepoint mapping depending on CORESETPoolIndex.
 
[bookmark: _Toc37349558]Similar to DCI format 1_1, DCI format 1_2 may have TCI state(s) to TCI field codepoint different mapping depending on CORESETPoolIndex
Yet another observation is that the number of codepoints in the TCI field of DCI format 1_2 can be different between different CORESETs. 
 
[bookmark: _Toc37349559]The number of codepoints in the TCI field of DCI format 1_2 can be different between different CORESETs.


[bookmark: _Toc20425959][bookmark: _Toc29321355][bookmark: _Toc36757110][bookmark: _Hlk535756552]–	ControlResourceSet
The IE ControlResourceSet is used to configure a time/frequency control resource set (CORESET) in which to search for downlink control information (see TS 38.213 [13], clause 10.1).
ControlResourceSet information element
-- ASN1START
-- TAG-CONTROLRESOURCESET-START

ControlResourceSet ::=              SEQUENCE {
    controlResourceSetId                ControlResourceSetId,

    frequencyDomainResources            BIT STRING (SIZE (45)),
    duration                            INTEGER (1..maxCoReSetDuration),
    cce-REG-MappingType                 CHOICE {
        interleaved                         SEQUENCE {
            reg-BundleSize                      ENUMERATED {n2, n3, n6},
[bookmark: _Hlk514758623]            interleaverSize                     ENUMERATED {n2, n3, n6},
            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)       OPTIONAL -- Need S
        },
        nonInterleaved                      NULL
    },
    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},
    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-PresentInDCI                        ENUMERATED {enabled}                                  OPTIONAL, -- Need S
    pdcch-DMRS-ScramblingID                 INTEGER (0..65535)                                    OPTIONAL, -- Need S
    ...,
    [[
[bookmark: _Hlk30603855]    rb-Offset-r16                           INTEGER (0..5)                                        OPTIONAL, -- Need N
    tci-PresentInDCI-ForDCI-Format1-2-r16   INTEGER (1..3)                                        OPTIONAL, -- Need S
    coresetPoolIndex-r16                    INTEGER (0..1)                                        OPTIONAL, -- Need R
    controlResourceSetId-r16                ControlResourceSetId-r16                              OPTIONAL  -- Need S
    ]]
}

-- TAG-CONTROLRESOURCESET-STOP
-- ASN1STOP

	ControlResourceSet field descriptions

	cce-REG-MappingType
Mapping of Control Channel Elements (CCE) to Resource Element Groups (REG) (see TS 38.211 [16], clauses 7.3.2.2 and 7.4.1.3.2).

	controlResourceSetId
Identifies the instance of the ControlResourceSet IE. Value 0 identifies the common CORESET configured in MIB and in ServingCellConfigCommon (controlResourceSetZero) and is hence not used here in the ControlResourceSet IE. Other values identify CORESETs configured by dedicated signalling or in SIB1. The controlResourceSetId is unique among the BWPs of a serving cell.
If the field controlResourceSetId-r16 is present, the UE shall ignore the controlResourceSetId field (without suffix).

	coresetPoolIndex
The index of the CORESET pool for this CORESET as specified in TS 38.213 [13] (clauses 9 and 10) and TS 38.214 [19] (clauses 5.1 and 6.1). When absent, UE shall use the index 0.

	duration
Contiguous time duration of the CORESET in number of symbols (see TS 38.211 [16], clause 7.3.2.2).

	frequencyDomainResources
Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from the first RB group (see TS 38.213 [13], clause 10.1) in the BWP. The first (left-most / most significant) bit corresponds to the first RB group in the BWP, and so on. A bit that is set to 1 indicates that this RB group belongs to the frequency domain resource of this CORESET. Bits corresponding to a group of RBs not fully contained in the bandwidth part within which the CORESET is configured are set to zero (see TS 38.211 [16], clause 7.3.2.2).

	interleaverSize
Interleaver-size (see TS 38.211 [16], clause 7.3.2.2).

	pdcch-DMRS-ScramblingID
PDCCH DMRS scrambling initialization (see TS 38.211 [16], clause 7.4.1.3.1). When the field is absent the UE applies the value of the physCellId configured for this serving cell.

	precoderGranularity
Precoder granularity in frequency domain (see TS 38.211 [16], clauses 7.3.2.2 and 7.4.1.3.2).

	rb-Offset
Indicates the RB level offset in units of RB from the first RB of the first 6RB group to the first RB of BWP (see 38.213 [13], clause 10.1). When the field is absent, the UE applies the value 0.

	reg-BundleSize
Resource Element Groups (REGs) can be bundled to create REG bundles. This parameter defines the size of such bundles (see TS 38.211 [16], clause 7.3.2.2).

	shiftIndex
When the field is absent the UE applies the value of the physCellIdconfigured for this serving cell (see TS 38.211 [16], clause 7.3.2.2).

	tci-PresentInDCI
This field indicates if TCI field is present or absent in DCI format 1_1. When the field is absent the UE considers the TCI to be absent/disabled. In case of cross carrier scheduling, the network sets this field to enabled for the ControlResourceSet used for cross carrier scheduling in the scheduling cell (see TS 38.214 [19], clause 5.1.5).

	tci-PresentInDCI-ForDCI-Format1-2
Configures the number of bits for “Transmission configuration indicator” in DCI format 1_2. When the field is absent the UE applies the value of 0 bit for the “Transmission configuration indicator” in DCI format 1_2 (see TS 38.212, clause 7.3.1 and TS 38.214, clause 5.1.5).

	tci-StatesPDCCH-ToAddList
A subset of the TCI states defined in pdsch-Config included in the BWP-DownlinkDedicated corresponding to the serving cell and to the DL BWP to which the ControlResourceSet belong to. They are used for providing QCL relationships between the DL RS(s) in one RS Set (TCI-State) and the PDCCH DMRS ports (see TS 38.213 [13], clause 6.). The network configures at most maxNrofTCI-StatesPDCCH entries.



	Conditional Presence
	Explanation

	NotSIB1-initialBWP
	The field is absent in SIB1 and in the PDCCH-ConfigCommon of the initial BWP in ServingCellConfigCommon, if SIB1 is broadcasted. Otherwise, it is optionally present, Need N.





3	MAC CE for indicating TCI state for DCI format 1_2
In TS 38.321-g00 there are two MAC CEs that are used for mapping activated TCI states to TCI field codepoints. The “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” in 6.1.3.14 in TS 38.321 was introduced in Rel-15 and modified in Rel-16.  This MAC CE is used to map activated TCI states to TCI field codepoints with respect to CORESET Pool ID of the scheduled DL transmission. The “Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” in 6.1.3.24 in TS 38.321 was introduced in Rel-16 and is used to map up to two activated TCI states to TCI field codepoints but there is no support of mapping those per CORESET Pool Index.
Based on the existing RAN1 agreements, it is not clear if both PDSCH MAC CEs apply also to DCI format 1_2 and to what extent. That is, whether the CORESETPoolIndex in the “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” in 6.1.3.14 is applicable or not 

[bookmark: _Toc37349560]It is not clear if both PDSCH MAC CEs apply also to DCI format 1_2 and to what extent.
Further, it should be clarified whether the activated TCI states to TCI field codepoint mapping is specified by RAN2 in TS 38.321 or the mapping is captured by RAN1 either in RAN1 specifications (i.e., either TS 38.212 or TS 38 214). Currently, MAC specification does not mention DCI format but only “DCI Transmission Configuration Indication field” with a reference to 38.212 or 38.214 (with circular reference to 38.321?)
The “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” in 6.1.3.14:

-	Ti: If there is a TCI state with TCI-StateId i as specified in TS 38.331 [5], this field indicates the activation/deactivation status of the TCI state with TCI-StateId i, otherwise MAC entity shall ignore the Ti field. The Ti field is set to 1 to indicate that the TCI state with TCI-StateId i shall be activated and mapped to the codepoint of the DCI Transmission Configuration Indication field, as specified in TS 38.214 [7]. The Ti field is set to 0 to indicate that the TCI state with TCI-StateId i shall be deactivated and is not mapped to the codepoint of the DCI Transmission Configuration Indication field. The codepoint to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to 1, i.e. the first TCI State with Ti field set to 1 shall be mapped to the codepoint value 0, second TCI State with Ti field set to 1 shall be mapped to the codepoint value 1 and so on. The maximum number of activated TCI states is 8;
The “Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” in 6.1.3.24:

-	TCI state IDi,j: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5], where i is the index of the codepoint of the DCI Transmission configuration indication field as specified in TS 38.212 [9] and TCI state IDi,j denotes the jth TCI state indicated for the ith codepoint in the DCI Transmission Configuration Indication field. The TCI codepoint to which the TCI States are mapped is determined by its ordinal position among all the TCI codepoints with sets of TCI state IDi,j fields, i.e. the first TCI codepoint with TCI state ID0,1 and TCI state ID0,2 shall be mapped to the codepoint value 0, the second TCI codepoint with TCI state ID1,1 and TCI state ID1,2 shall be mapped to the codepoint value 1 and so on. The TCI state IDi,2 is optional based on the indication of the Ci field. The maximum number of activated TCI codepoint is 8 and the maximum number of TCI states mapped to a TCI codepoint is 2.
Thus, as 38.321 does not mention DCI formats, it is preferred if this mapping is captured in RAN1 specifications.

[bookmark: _Toc37349561]When same MAC CEs are used for DCI format 1_1 and 1_2 the mapping is preferably captured in RAN1 specification.
In order to know what specification changes are needed in RAN2, RAN2 should send an LS to RAN1 to ask questions regarding Observations 1-5. Draft LS can be found in the appendix.

[bookmark: _Toc37349373]RAN2 to send LS to RAN1 to ask questions regarding Observations 1-5, see draft LS in appendix.


4	Conclusion
In the previous sections we made the following observations: 
Observation 1	A UE can be configured with both DCI format 1_1 and DCI format 1_2 with TCI field, either in the same or different CORESETs.
Observation 2	Similar to DCI format 1_1, DCI format 1_2 may have TCI state(s) to TCI field codepoint different mapping depending on CORESETPoolIndex
Observation 3	The number of codepoints in the TCI field of DCI format 1_2 can be different between different CORESETs.
Observation 4	It is not clear if both PDSCH MAC CEs apply also to DCI format 1_2 to what extent.
Observation 5	When same MAC CEs are used for DCI format 1_1 and 1_2 the mapping is preferably captured in RAN1 specification.
Based on the discussion in the previous sections we propose the following:


Proposal 1	RAN2 to send LS to RAN1 to ask questions regarding Observations 1-5.
[bookmark: _In-sequence_SDU_delivery]
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5. Draft LS to RAN1
	[bookmark: _GoBack]Title:	draft LS on DCI format 1_2 applicability to NR eMIMO
Release:	Rel-16
Work Item:	eMIMO
Source:	Ericsson [To be RAN2]
To:	RAN1

1. Overall Description:

RAN2 has discussed the applicability of DCI format 1_2 in context of eMIMO and has the following questions.

Question 1	
Can the UE be configured with both DCI format 1_1 and DCI format 1_2 with TCI field, either in the same or different CORESETs?

Question 2	
Is the DCI format 1_2 supported with mPDCCH operation? If yes, similar to DCI format 1_1, DCI format 1_2 may have different TCI state(s) to TCI field codepoint mapping depending on CORESETPoolIndex?

Question 3	
Can the number of codepoints in the TCI field of DCI format 1_2 be different between different CORESETs?

Question 4	
Which PDSCH MAC CEs can be used for DCI format 1_2? Further, whether the CORESETPoolIndex in the “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” in 6.1.3.14 is applicable or not? 

Question 5	
When same MAC CEs are used for DCI format 1_1 and 1_2 the mapping is preferably captured in RAN1 specification. Does RAN1 agree?

2. Actions: 

To RAN1 group. 

ACTION: RAN2 asks RAN1 to respond to above questions 




