Page 1
3GPP TSG RAN WG1 Meeting #93	R1-1807355
Busan, Korea, May 21th – May 25th, 2018

Agenda item:	7.1.3.1.4
Source: 	Qualcomm Incorporated
Title: 	Discussion on DCI related issues
Document for:	Discussion/Decision
Introduction
In this contribution we discuss some remaining open issues on DCI as follows:
DCI size alignment
Maximum number of valid DCIs per slot
DCI 0_0/1_0 Monitoring for C-RNTI and CS-RNTI
VRB-to-PRB mapping in DCI scrambled by SI-RNTI
DCI Size Alignment
It was agreed that the fallback DCI size for DL and UL is the same. For CSS, DCI format 0_0 and 1_0 is determined by initial DL BWP (CORESET0 BW). For USS, DCI format 0_0 and 1_0 is determined either by initial DL BWP or active (DL or UL) BWP. In both cases, we also need to agree on how to match the size. There are some fields defined with respect to the BW of the BWP. Depending on the BW of the BWP, DCI format size 0_0 can be larger than 1_0, or the other way. 
For CSS, DCI format 1_0 size is determined first by initial DL BWP. Then, DCI format 0_0 size needs to match DCI format 1_0. To maximize the efficiency of the format, frequency domain resource assignment field of 0_0 can be first used to match the size of 1_0. If 0_0 is still smaller than 1_0, zero padding can be used.
For USS, it can be determined either based on DL or UL BWP in case it is determined by active BWP. In order not to restrict the utilization of the DCI format, it is proposed to use the maximum of DCI format 0_0 and 1_0. Then, the smaller one will match the larger one via zero padding.
[bookmark: dci_size]Proposal 1: When DCI format 0_0 and 1_0 size is determined by initial DL BWP, frequency domain resource assignment field in 0_0 is first used to match the size of 0_0 to 1_0. If 0_0 is still smaller than 1_0, zero padding is used.
Proposal 2: When DCI format 0_0 and 1_0 size is determined by active BWP, frequency domain resource assignment of 0_0 is determined by active UL BWP and that of 1_0 is determined by active DL BWP. Then, the smaller one match the larger one via zero padding.
Proposal 3: When SUL is configured and DCI format size is determined by active BWP, frequency domain resource assignment for 0_0 and 0_1 are determined by the maximum based on UL BWP and SUL BWP.
Maximum Number of Valid DCIs
Currently there is no limitation on how many valid DCIs needs to be received by the UE in NR specification. In theory, for 15 kHz SCS, UE may be prepared to receive 44 DCIs in a slot considering the maximum BD limit is 44. This will be very unrealistic but UE may be forced to be prepared for it since that case is not ruled out. In order not to make UE implementation complexity unnecessarily high, it is desirable to discuss and introduce the upper bound without hurting deployment flexibility.
The following aspects can be considered to derive the maximum number of valid DCIs per slot:
3 DCIs for SFI, PI and for TPC
1 TB, 2 TBs, 7 TBs PDSCH capable UE needs 1, 2, 7 unicast DL grant DCIs respectively.
1 TB, 2 TBs, 7 TBs PUSCH capable UE needs 1, 2, 7 unicast UL grant DCIs respectively.
FDD UE may support simultaneous PDSCH and PUSCH.
For x-carrier scheduling with mixed numerologies, 15 kHz SCS CC can schedule up to 8 120 kHz SCS CC, 30 kHz SCS CC up to 4 120 kHz SCS CC and so on.
Maximum number of valid DCIs should not exceed the max BD candidates.
RAN1 can discuss further whether to introduce the limit with respect to each case separately or just have some simple bound similar to BD limit. For baseline UE without multi-TB capability without x-carrier scheduling capability, we propose that UE at least supports up to 4 DCIs per slot regardless of SCS and TDD/FDD. For other cases, we can discuss the limit further.
[bookmark: num_dci]Proposal 4: UE shall support at least up to 4 valid DCIs per slot when UE does not support multi-TB capability and cross-carrier scheduling with mixed numerologies.
DCI 0_0/1_0 Monitoring for C-RNTI and CS-RNTI
In the RAN1 92bis meeting, the following working assumption was discussed in the PDCCH search space offline session. This working assumption states that in certain condition C-RNTI and CS-RNTI are always monitored in a CSS. We think this issue is more related to 7.1.3.1.4 and it clearly has an impact to DCI size budget. Therefore, we propose that further discussion about the working assumption is included in the 7.1.3.1.4 agenda in the RAN1 93 meeting. Then, companies can have more detailed discussion about the impact to DCI size budget and other issues.
Working assumption:
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.
[bookmark: crnti_csrnti]Proposal 5: Discuss the working assumption for DCI format 0_0/1_0 with C-RNTI and CS-RNTI monitoring in the 7.1.3.1.4 session.
VRB-to-PRB mapping in DCI scrambled by SI-RNTI
RAN1 #92b made the following agreements where the use of 1 bit in VRB-to-PRB mapping field is FFS.
	Agreements:
When a valid DCI with SI-RNTI is detected in either CSS type 0 or CSS type 0a, the following fields apply:
	Field
	Bits
	Comment

	Frequency domain resource assignment
	[image: ]
	

	Time domain resource assignment
	4
	Index into default table

	VRB-to-PRB mapping
	1
	FFS whether this field is needed or not

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

	Redundancy version
	2
	FFS whether this field is needed or not

	Reserved bits
	(fixed value)
	To meet fallback DCI size


· Note: Need to check whether interleaved VRB-to-PRB mapping is possible for SI-RNTI as the UE does not know the CRB grid.
· Note: Need to check with initial access session whether RV field is needed or not. From a DCI perspective, there is no problem of providing 2 bits for signaling the redundancy version.


To provide improved frequency diversity for system information transmission within the limited bandwidth of the initial active DL BWP, interleaved VRB-to-PRB mapping should be supported.
[bookmark: vrb_to_prb1]Proposal 6: Interleaved VRB-to-PRB mapping is supported for PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI.
However, since the UE may not know the CRB grid before decoding SIB1, the resource grid needs to be separately defined at least for SIB1. At least for DMRS sequence mapping and PRG partitioning, NR already supports a different resource grid for SIB1. In the same vein, we make the following proposal:
[bookmark: vrb_to_prb2]Proposal 7: For PDSCH carrying SIB1 scheduled by PDCCH with CRC scrambled by SI-RNTI, the resource block bundle for interleaved VRB-to-PRB mapping is partitioned from the lowest numbered common resource block of the CORESET configured by PBCH.
In the appendix, a relevant text proposal is provided.
Conclusions
In this contribution we have discussed some of remaining issues on DCI related and have made the following proposals:
Proposal 1: When DCI format 0_0 and 1_0 size is determined by initial DL BWP, frequency domain resource assignment field in 0_0 is first used to match the size of 0_0 to 1_0. If 0_0 is still smaller than 1_0, zero padding is used.
Proposal 2: When DCI format 0_0 and 1_0 size is determined by active BWP, frequency domain resource assignment of 0_0 is determined by active UL BWP and that of 1_0 is determined by active DL BWP. Then, the smaller one match the larger one via zero padding.
Proposal 3: When SUL is configured and DCI format size is determined by active BWP, frequency domain resource assignment for 0_0 and 0_1 are determined by the maximum based on UL BWP and SUL BWP.
Proposal 4: UE shall support at least up to 4 valid DCIs per slot when UE does not support multi-TB capability and cross-carrier scheduling with mixed numerologies.
Proposal 5: Discuss the working assumption for DCI format 0_0/1_0 with C-RNTI and CS-RNTI monitoring in the 7.1.3.1.4 session.
[bookmark: _GoBack]Proposal 6: Interleaved VRB-to-PRB mapping is supported for PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI.
Proposal 7: For PDSCH carrying SIB1 scheduled by PDCCH with CRC scrambled by SI-RNTI, the resource block bundle for interleaved VRB-to-PRB mapping is partitioned from the lowest numbered common resource block of the CORESET configured by PBCH.
Appendix
The following is a modified text proposal with changes tracked relative to R1-1805793.
7.3.1.6	Mapping from virtual to physical resource blocks
The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping. If no mapping scheme is indicated, the UE shall assume non-interleaved mapping.


For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block .
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:


-	For PDSCH carrying SIB1 scheduled by PDCCH with CRC scrambled by SI-RNTI, the set of  resource blocks in the CORESET configured by PBCH are divided into resource-block bundles in increasing order of the resource-block number. All resource block bundles consist of 2 resource blocks.






-	For other PDSCH transmission, tThe set of  resource blocks in bandwidth part  with starting position  are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size for bandwidth part  provided by the higher-layer parameter vrb-ToPRB-Interleaver and
[bookmark: _Hlk504539491]-	resource block bundle 0 consists of [image: ] resource blocks,
-	resource block bundle [image: ] consists of [image: ] resource blocks if [image: ] and [image: ] resource blocks otherwise,
-	all other resource block bundles consists of [image: ] resource blocks.
-	Virtual resource blocks in the interval [image: ] are mapped to physical resource blocks according to
-	virtual resource block bundle [image: ] is mapped to physical resource block bundle [image: ]


-	virtual resource block bundle  is mapped to physical resource block bundle  where 


-	The UE is not expected to be configured with [image: ] simultaneosuly with a PRG size of 4 as defined in [6, TS 38.214]
-	If no bundle size is configured, the UE shall assume [image: ].
The UE may assume that the same precoding in the frequency domain is used within a PRB bundle and the bundle size is determined by clause 5.1.2.3 in [6, TS 38.214]. The UE shall not make any assumption that the same precoding is used for different bundles of common resource blocks.
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