3GPP TSG-RAN WG1 #92bis	R1-1805180
Sanya, China, April 16 – 20, 2018

Source:	Ericsson
Title:	On remaining issues of DCI
Agenda Item:	7.1.3.1.4
Document for:	Discussion and Decision
Introduction
In this contribution, we discuss the remaining issues of DCI needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.

DCI sizes are a particularly urgent topic that we treat in a separate dedicated contribution [1] submitted to Agenda Item 7.1.3.1.
Discussion
VRB-to-PRB mapping and FH fields in DCI
There is currently a misalignment between 38.331 and RAN1 specifications with respect to the VRB-to-PRB mapping which needs to be fixed. 
From 38.212 CR:
	DCI format
	FH bit
	VRB-to-PRB bits

	0-0
	1 bit
	-

	0-1
	0 bit if only resource allocation type 0 is configured 
1 bit otherwise, only applicable to resource allocation type 1
	0 bit if only resource allocation type 0 is configured or if PUSCH-tp=Enabled;
1 bit otherwise, only applicable to resource allocation type 1

	1-0
	-
	1 bit

	1-1
	-
	0 bit if only resource allocation type 0 is configured;
1 bit otherwise, only applicable to resource allocation type 1



From 38.211:
Interleaved VRB-to-PRB mapping is specified for DL and UL. For UL, the description is broken, but it was not agreed to fix it in the same way as for DL. The reason is that interleaving can result in non-contiguous RB transmission, which is not supported in Rel-15 by RAN4 (there was discussion on adding some text in 211 stating interleaving is not supported etc, but no conclusion).
Hence, the VRB-to-PRB bit does not make sense in DCI format 0-1.
From 38.331:
In PUSCH-Config:
	-- Configured one of two supported frequency hopping mode. If not configured frequency hopping is not configured
	-- Corresponds to L1 parameter 'Frequency-hopping-PUSCH' (see 38.214, section 6)
	-- When the field is absent the UE applies the value Not configured
	frequencyHopping						ENUMERATED {mode1, mode2}													OPTIONAL,	-- Need S
	-- Set of frequency hopping offsets used when frequency hopping is enabled for granted transmission (not msg3) and type 2
	-- Corresponds to L1 parameter 'Frequency-hopping-offsets-set' (see 38.214, section 6.3)
	frequencyHoppingOffsetLists				SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)	OPTIONAL,	-- Need M
	-- Configuration of resource allocation type 0 and resource allocation type 1 for non-fallback DCI
	-- Corresponds to L1 parameter 'Resouce-allocation-config' (see 38.214, section 6.1.2)


Since 38.331 allows the UE to be configured without frequency hopping, there is no need to carry the frequency hopping flag in this case. 
Finally, since interleaved VRB-to-PRB mapping is not supported by RAN4 in Rel-15 (except for possibly allocations spanning the full bandwidth part), there is no need to include the VRB-to-PRB mapping bits in the DCI. This can be achieved e.g. by making the VRB-to-PRB-interleaver parameter options in the RRC spec. 
[bookmark: _Toc510421830][bookmark: _Toc510519218][bookmark: _Toc510519357][bookmark: _Toc510519736][bookmark: _Toc510613082][bookmark: _Toc510778313][bookmark: _Toc510778450]Update section 7.3.1.1.2 of  38.212 to
-	VRB-to-PRB mapping – 0 or 1 bit
	-	0 bit if only resource allocation type 0 is configured or if PUSCH-tp=Enabled or if the higher-layer parameter VRB-to-PRB-interleaver is not provided;
	-	1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3.1.7 of [4, TS38.211].
-	Frequency hopping flag – 0 or 1 bit
	-	0 bit if only resource allocation type 0 is configured or if the higher-layer parameter Frequency-hopping-offsets-set is not provided;
	-	1 bit otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3 of [6, TS38.214].

[bookmark: _Toc510421831][bookmark: _Toc510519219][bookmark: _Toc510519358][bookmark: _Toc510519737][bookmark: _Toc510613083][bookmark: _Toc510778314][bookmark: _Toc510778451]Suggest RAN2 to update PUSCH-Config in 38.331 to
	-- Interleaving unit configurable between 2 and 4 PRBs
	-- Corresponds to L1 parameter 'VRB-to-PRB-interleaver' (see 38.211, section 6.3.1.67)
	-- When the field is absent the UE performs non-interleaved VRB-to-PRB mapping
	vrb-ToPRB-Interleaver					ENUMERATED {n2, n4}	OPTIONAL,	-- Need S

DCI scrambled by SI-RNTI
In 3GPP meeting RAN1 Ad-Hoc #1801, below agreement was reached regarding the DCI format for RMSI/OSI/paging and random access. Detail content of DCI is not defined yet.
Agreements:
NR supports a DCI format having the same size as the DCI format 1_0 to be used for scheduling RMSI/OSI, for Paging, and for random access.

System information is broadcast to all UEs. It helps UE to get updated with the network configurations. UE reads the system information both at the state before initial access, and after RRC-connected when it gets paged to re-read system information for an update. The way to interpret time domain (TD) allocation for SI-RNTI should be consistent for all UEs. The configuration of the TD-allocation must be more flexible to satisfy different network requirements. This flexibility can be easily met since there are many reserved/unused bits in the DCI scrambled with SI-RNTI compared to a normal DCI format 1_0.
The following two options may be considered for TD allocation for SI-RNTI
· Option 1: Always refer to a fixed table in the specification to indicate the TD allocation for DCI scrambled with SI-RNTI
· Option 2: Time domain allocation for system information carried by PDCCH scrambled with SI-RNTI should have the flexibility of any start symbol and symbol lengths within one slot. The TD-allocation should not get limited with pre-defined fixed number of configuration entries.
Option 2 is preferred to support system information scheduled by DCI scrambled with SI-RNTI since it provides more flexible time domain allocation. The RRC configured table should not be used for SI-RNTI, so that the association between the system information allocation and other data transmission is decoupled. 
Therefore, we propose as a working assumption, the DCI contents can be according to Table 1.
[bookmark: _Ref510418872]Table 1: DCI Contents for SI-RNTI Scrambled DCI
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Reserved

	Frequency domain resource assignment
	[image: ]
	

	Time domain resource assignment
	7
	Use SLIV to represent any start symbol and symbol length within the 14 symbols in a slot

	Time offset K0
	1 or 2 bits
	Number of slots from current PDCCH received slot to PUSCH

	DMRS pattern
	1
	Indicate if type A or type B is used for DMRS pattern. 

	VRB-to-PRB mapping
	1
	

	Modulation and coding scheme
	5
	Same MCS table as for “normal” transmission without 256QAM, only lowest part used.

	Redundancy version
	2
	

	Other DCI fields
	Reserved information bits are added until the size is equal to that of a regular DCI format 1-0
	Reserved


 
[bookmark: _Toc510418898][bookmark: _Toc510419040][bookmark: _Toc510420238][bookmark: _Toc510420746][bookmark: _Toc510420892][bookmark: _Toc510421057][bookmark: _Toc510421499][bookmark: _Toc510421832][bookmark: _Toc510519220][bookmark: _Toc510519359][bookmark: _Toc510519738][bookmark: _Toc510613084][bookmark: _Toc510778315][bookmark: _Toc510778452]DCI format 1-0 with SI-RNTI is used to schedule system information. The corresponding DCI contents as a working assumption are according to Table 1.
DCI scrambled by P-RNTI
For the DCI scrambled by P-RNTI, it is natural to use DCI format 1-0 to schedule paging. It is agreed that DCI scrambled by P-RNTI can direct short message only or scheduling information only. Thus, 1-bit flag is needed. 
· Flag for paging scheduling/direct indication differentiation – 1 bit
· Value “0” indicates that direct short message only is carried
· Value “1” indicates that scheduling information only is carried
If the format CRC is scrambled by P-RNTI and Flag=1, as a working assumption, the DCI contents can be according to Table 2. Since the field - Redundancy version – is reserved, RV needs to be pre-determined, and it should be 0.
[bookmark: _Ref510419681]Table 2: DCI Contents for P-RNTI Scrambled DCI for Scheduling Information Only
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Interpreted as flag for paging scheduling/direct indication differentiation
· Value “0”: direct short message only
· Value “1”: scheduling information only
Indicate scheduling information only here.

	Frequency domain resource assignment
	[image: ]
	 

	Time domain resource assignment
	[4]
	Use default time allocation table

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	5
	Same MCS table as for “normal” transmission without 256QAM

	New data indicator
	1
	Reserved

	Redundancy version
	2
	Reserved

	HARQ process number
	4
	Reserved

	Downlink assignment index
	2
	Reserved

	TPC command for scheduled PUCCH
	2
	Reserved

	PUCCH resource indicator
	3
	Reserved

	PDSCH-to-HARQ_feedback timing indicator
	3
	Reserved



For NR, RAN2 is discussing direct indication of system information update and other. This is up to RAN2 to decide. In RAN1, as a working assumption, we can use [x] bits as a place holder for this purpose as a working assumption and wait for RAN2 decision on paging design.
If the format CRC is scrambled by P-RNTI and Flag=0, as a working assumption, the DCI contents can be according to Table 2.
[bookmark: _Ref510421053]Table 3: DCI Contents for P-RNTI Scrambled DCI for Direction Indication Only
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Interpreted as flag for paging scheduling/direct indication differentiation
· Value “0”: direct short message only
· Value “1”: scheduling information only
Indicate direct message only here.

	Direct indication of system information update and other fields
	[x]
	Details up to RAN2

	Other DCI fields
	Reserved information bits are added until the size is equal to that of a regular DCI format 1-0
	



[bookmark: _Toc510421058][bookmark: _Toc510421500][bookmark: _Toc510421833][bookmark: _Toc510519221][bookmark: _Toc510519360][bookmark: _Toc510519739][bookmark: _Toc510613085][bookmark: _Toc510778316][bookmark: _Toc510778453]DCI format 1-0 with P-RNTI is used to paging. 
· [bookmark: _Toc510421059][bookmark: _Toc510421501][bookmark: _Toc510421834][bookmark: _Toc510519222][bookmark: _Toc510519361][bookmark: _Toc510519740][bookmark: _Toc510613086][bookmark: _Toc510778317][bookmark: _Toc510778454]Use 1-bit Flag for paging scheduling/direct indication differentiation
· [bookmark: _Toc510421060][bookmark: _Toc510421502][bookmark: _Toc510421835][bookmark: _Toc510519223][bookmark: _Toc510519362][bookmark: _Toc510519741][bookmark: _Toc510613087][bookmark: _Toc510778318][bookmark: _Toc510778455]For paging scheduling, the DCI contents as a working assumption are according to Table 2
· [bookmark: _Toc510421061][bookmark: _Toc510421503][bookmark: _Toc510421836][bookmark: _Toc510519224][bookmark: _Toc510519363][bookmark: _Toc510519742][bookmark: _Toc510613088][bookmark: _Toc510778319][bookmark: _Toc510778456]For direct indication differentiation, the DCI contents as a working assumption are according to Table 3
[bookmark: _Toc510519364][bookmark: _Toc510519743][bookmark: _Toc510613089][bookmark: _Toc510778320][bookmark: _Toc510778457]Redundancy version for paging PDSCH transmission is fixed to be 0.
DCI scrambled by RA-RNTI
The following working assumption has been made for DCI scrambled by RA-RNTI.
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Reserved

	Frequency domain resource assignment
	[image: ]
	

	Time domain resource assignment
	?
	Use default time allocation table

	VRB-to-PRB mapping
	1
	

	Modulation and coding scheme
	5
	Use MCS table without 256QAM (UE capabilities not yet known)

	New data indicator
	1
	Reserved

	Redundancy version
	2
	Reserved

	HARQ process number
	4
	Reserved

	Downlink assignment index
	2
	Reserved

	TPC command for scheduled PUCCH
	2
	Reserved

	PUCCH resource indicator
	3
	Reserved

	PDSCH-to-HARQ_feedback timing indicator
	3
	Reserved



Since the field - Redundancy version – is reserved, RV needs to be pre-determined, and it should be 0.
[bookmark: _Toc510420893][bookmark: _Toc510421062][bookmark: _Toc510421504][bookmark: _Toc510421837][bookmark: _Toc510519225][bookmark: _Toc510519365][bookmark: _Toc510519744][bookmark: _Toc510613090][bookmark: _Toc510778321][bookmark: _Toc510778458]Redundancy version for MSG2 transmission is fixed to be 0.
Identifier not needed for DCI formats 2-0/2-1/2-2/2-3
The following was agreed
· For multiple DCI formats with the same DCI size of a same RNTI, an explicit identifier is included in the respective DCI format to distinguish them 
· Note: the same DCI size may come from a few (but not a large number of) zero-padding bits at least in UE-specific search space
Since DCI format 2-0, 2-1, 2-2, 2-3 are always scrambled by different RNTIs, it is not necessary to have the following format indicator field.
Identifier for DCI formats – [1] bits
Hence, we have the following proposal. The corresponding text proposal is provided in Error! Reference source not found..
[bookmark: _Toc510519226][bookmark: _Toc510519366][bookmark: _Toc510519745][bookmark: _Toc510613091][bookmark: _Toc510778322][bookmark: _Toc510778459]Identifier for DCI formats is removed in DCI format 2-0, 2-1, 2-2, 2-3.
Description on whether transform precoding is enabled or disabled
In current TS 38.212, whether transform precoding is enabled or disabled is described as if PUSCH-tp=Enabled or if PUSCH-tp=Disabled. The corresponding parameter name in TS 38.331 is transformPrecoder. However, this parameter can be absent, and in this case the value of msg3-tp is used instead. For better accuracy, it is better to refer to whether transform precoding is enabled or disabled instead, as in 38.214, Section 6.1.3. 
Hence, we have the following proposal.
[bookmark: _Toc510519227][bookmark: _Toc510519367][bookmark: _Toc510519746][bookmark: _Toc510613092][bookmark: _Toc510778323][bookmark: _Toc510778460]In TS 38.212, replace “if PUSCH-tp=Enabled” by “if transform precoding is enabled”, and replace “if PUSCH-tp=Disabled” by “if transform precoding is disabled”.
Interpretation of the fixed size resource block assignment field in RAR grant
The following agreement was made in Athens regarding RAR.
Agreements:
· The number of bits for RAR is 56 for a UE. Send LS to RAN2 – R1-1803435, which is approved by updating “if need” to “if needed”, and the final LS is in R1-1803475
· Working assumption: Bit fields according to the table below.
· The LTE part is FYI
· Note: Need to check the entries in the time domain allocation table to fulfill ITU requirements.
	
	LTE
	NR
	Comment

	Reserved
	1
	3
	

	Timing advance
	11
	12
	Agreed in 38.321

	Hopping flag
	1
	1
	Need to ensure FH is mandatory for the UE, at least for msg3.

	Frequency domain RA
	10
	12
	Resource allocation type 1. Reuse LTE wording on interpretation (but with numbers adjusted accordingly)
If FH, the first 1-2 bits are used for hopping information.

	Time domain RA
	1
	4
	Point to entries in the time allocation table. Check with resource allocation session regarding the number of bits. 

	Truncated MCS
	4
	4
	Same MCS table as for “normal” transmission without 256QAM, only lowest part used.

	TPC command
	3
	3
	-6 dB to 8 dB with a 2 dB step size. Check with power control session.

	CSI request
	1
	1
	Only for contention-free RA in Rel-15. A CSI configuration to be used in case the bit is set needs to be defined/configured.

	TC-RNTI
	16
	16
	

	Total
	48
	56
	



As highlighted in yellow in the above table, how to interpret the 12-bit frequency domain resource assignment is still not fully specified. In LTE, this is based on resource allocation type 1 with modified interpretation, as copied below.
LTE RIV calculation
Resource Allocation Type 1


In resource allocation type 1, the frequency domain resource assignment information consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks . The resource indication value is defined by

if  then


else 




where 1 and shall not exceed .  is the number of RBs in the corresponding BWP.
LTE RAR interpretation of the frequency domain RA:
-	The fixed size resource block assignment field is interpreted as follows:

-	if 

-	Truncate the fixed size resource block assignment to its b least significant bits, where , and interpret the truncated resource block assignment according to the rules for a regular DCI format 0
-	else 

-	Insert b most significant bits with value set to '0' after the NUL_hop hopping bits in the fixed size resource block assignment, where the number of hopping bits NUL_hop is zero when the hopping flag bit is not set to 1, and is defined in Table 8.4-1 when the hopping flag bit is set to 1, and , and interpret the expanded resource block assignment according to the rules for a regular DCI format 0
-	end if
Base on RAN2 discussion (R2-1804860), the MAC PDU size of MSG3 has a maximum size of 20 bytes. From RAN1 perspective, the maximum MSG3 size should be supported by the 12 bits of frequency domain resource allocation.  

Below is a table that gives  the number of RBs needed for different numbers of PUSCH OFDM symbols with difference MCS values assuming 20 bytes payload in PUSCH.
	# of PUSCH symbols for MSG3
	# of DMRS symbols
	Required # of RBs
MCS = 0
	Required # of RBs
MCS = 6
	Required # of RBs
MCS = 15

	14
	3
	6
	2
	1

	7
	2
	12
	4
	1

	5
	1
	15
	4
	1

	4
	1
	19
	6
	2

	2
	1
	59
	16
	6



If RIV and the padding method for the RAR grant frequency resource allocation as in LTE are used, the supported RB allocation length with 12 bits of fixed size resource block assignment field for a BWP of 275 RBs is 1 ~ 15 RBs (here 15 comes from (floor (2^12 /275 ) + 1)) and 261 ~ 275 RBs  These are sufficient for the maximum payload size of 20 bytes been discussed in RAN2 if more than 5 PUSCH symbols are configured. 
However, for PUSCH transmission on smaller than 5 OFDM symbols, the LTE way of using RIV and padding is no longer sufficient, and to solve that we propose below 2 methods:
Method 1:
· Use maximum 90 RBs as start RB and RB length to interpret the RIV for configuration of BWP larger than 90 RBs.
· Straightforward solution
· Limits the start RB position within 90 RBs. 
· For BWP larger than 90 RBs: Start RB range is {0,1,2,…89}, and RB length range is {1,2,…,90}

Note that here for 90 RBs, since log2(91*90/2)=11.99, 12 bits of fixed size frequency assignment can indicate all possible starting RBs and RB length, just as in LTE for 44 RB, log2(45*44/2)=11.99, 10 bits of fixed size frequency assignment can indicate all possible starting RBs and RB length.
Method 2:
· Use a modified RIV method with start position of granularity  = 4, using same padding method as in LTE on the MSB. With 12 bits any allocation length smaller than 60 RBs can be represented within a BWP of 275 RBs.
· The flexile allocation length is important for MSG3, as UE can be power limited under bad radio conditions, and thus it’s beneficial to keep the number of RBs as small as possible, not more than needed.
· More flexible start position over the whole BWP compared to method 1.
· For BWP larger than 90, e.g., 275 RB, Start RB range is {0, 4, 8, …, 272}, and RB length range is {1,….59}
· The granularity can go down with smaller BWP between 90 and 275. But 4 can be used as a sufficient and simplified solution.

Based on the discussions above, we make the following proposals.
[bookmark: _Toc510778461]For number of PUSCH symbols larger than or equal to 5, the frequency domain RA field should be interpreted with RIV and MSB padding as the way treated in LTE.
[bookmark: _Toc510778462]For number of PUSCH symbols smaller than 5, choose one of the two options below to interpret the frequency allocation
· Option 1: 12 bits are used to indicate start RB range in {0,1,2,…, 89} and RB length range in {1,2, …, 90}
· Option 2: 12 bits are used to indicate start RB range in {0, 4, 8, 12, …, 272} and RB length range in {1,2, …, 59}

Conclusions
In this contribution, we discuss the remaining issues of DCI needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78. The particularly urgent topic on DCI sizes is discussed in a separate dedicated contribution [1].
Based on the discussion in this contribution, we propose the following:
Proposal 1	Update section 7.3.1.1.2 of  38.212 to
-	VRB-to-PRB mapping – 0 or 1 bit
	-	0 bit if only resource allocation type 0 is configured or if PUSCH-tp=Enabled or if the higher-layer parameter VRB-to-PRB-interleaver is not provided;
	-	1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3.1.7 of [4, TS38.211].
-	Frequency hopping flag – 0 or 1 bit
	-	0 bit if only resource allocation type 0 is configured or if the higher-layer parameter Frequency-hopping-offsets-set is not provided;
	-	1 bit otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3 of [6, TS38.214].
Proposal 2	Suggest RAN2 to update PUSCH-Config in 38.331 to
	-- Interleaving unit configurable between 2 and 4 PRBs
	-- Corresponds to L1 parameter 'VRB-to-PRB-interleaver' (see 38.211, section 6.3.1.67)
	-- When the field is absent the UE performs non-interleaved VRB-to-PRB mapping
	vrb-ToPRB-Interleaver					ENUMERATED {n2, n4}	OPTIONAL,	-- Need S
Proposal 3	DCI format 1-0 with SI-RNTI is used to schedule system information. The corresponding DCI contents as a working assumption are according to Table 1.
Proposal 4	DCI format 1-0 with P-RNTI is used to paging.
· Use 1-bit Flag for paging scheduling/direct indication differentiation
· For paging scheduling, the DCI contents as a working assumption are according to Table 2
· For direct indication differentiation, the DCI contents as a working assumption are according to Table 3
Proposal 5	Redundancy version for paging PDSCH transmission is fixed to be 0.
Proposal 6	Redundancy version for MSG2 transmission is fixed to be 0.
Proposal 7	Identifier for DCI formats is removed in DCI format 2-0, 2-1, 2-2, 2-3.
Proposal 8	In TS 38.212, replace “if PUSCH-tp=Enabled” by “if transform precoding is enabled”, and replace “if PUSCH-tp=Disabled” by “if transform precoding is disabled”.
Proposal 9	For number of PUSCH symbols larger than or equal to 5, the frequency domain RA field should be interpreted with RIV and MSB padding as the way treated in LTE.
Proposal 10	For number of PUSCH symbols smaller than 5, choose one of the two options below to interpret the frequency allocation
·  Option 1: 12 bits are used to indicate start RB range in {0,1,2,…, 89} and RB length range in {1,2, …, 90}
· Option 2: 12 bits are used to indicate start RB range in {0, 4, 8, 12, …, 272} and RB length range in {1,2, …, 59}
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref510416531][bookmark: _GoBack]R1-1805176, “Further Notes for DCI Size Discussion,” Ericsson.
R1-1805182, “TP for remaining issues of DCI,” Ericsson.
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