3GPP TSG RAN WG1 Meeting #92bis






R1-1803941
Sanya, China, 16th – 20st, April 2018
Source:

Fujitsu
Title:

Frequency domain field interpretation for fallback DCI in DL
Agenda Item:
7.1.3.1.4
Document for:
Discussion/Decision 


1. Introduction
In 3GPP RAN1 91 meeting, the following agreements and working assumptions have been made. 
Agreements:

· C-SS in each DL BWP of the PCell/PScell

· On C-SS, Yp ,kp= 0.

· In Rel.15, 

· For scheduling RMSI, OSI, Paging, UE monitors common search space in the PCell only

· In addition, for random access and fall back, UE monitors common search space in the PCell and PSCell only

· Working assumption: The UE is not expected to be configured without C-SS on the PCell (PSCell) in the active DL BWP 

· NOTE: RAN1 does not expect additional impact on the UE behavior due to not having PRACH resource in the BWP

· Working assumption: In Rel.15, 

· A UE is expected to monitor C-SS (if configured) in the activated BWP

· Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling.
· All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.
This means, “the UE is not expected to be configured without a common search space on the PCell, or on the PSCell, in the active DL BWP”, and “the UE can be additionally configured a control resource set for Type0-PDCCH common search space, Type0A-PDCCH common search space, Type1-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the primary cell, other than the initial active DL BWP”, which have been included in current version of 38.213.
And in NR ad-hoc meeting, a linkage between search space and DCI format for monitoring is established by the following agreements.
Agreements:

· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:

· Which DCI format(s) to monitor

· In a CSS,

· DCI format 0_0 and DCI format 1_0

· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI

· DCI format 2_0

· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration

· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value

· DCI format 2_1

· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration

· DCI format 2_2

· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI

· DCI format 2_3

· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI

· Monitoring of multiple DCI formats can be configured for one CSS

· For USS,

· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)

· Further discussion offline the association of the RNTIs with DCI formats 

·   Monitoring of multiple DCI formats can be configured for one USS
A working assumption has been proposed at RAN1 92 meeting, on size determination of DCI format 0_0/1_0, which has replaced the working assumption presented in the previous meeting.
Working assumption:

· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by

· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP

· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 

· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP

· FFS: how to meet the C-RNTI size and DCI size budget per slot

· align 0-1 and 1-1

· configure active BWP such that the DCI size is the same as of the initial BWP

· do not configure 0-1 and 1-1

· do not configure 0-0/1-0 in USS

· other are not precluded

· FFS: for format 0-0/1-0, how to interpret the frequency-domain field in a DCI with a size defined from a BWP with a different size than the BWP it is applied to

Since additional CSS can be configured in an active DL BWP which is configured by RRC, how to enable multiple UEs to receive common messages, such as SI, RAR and paging on their respective RRC-configured BWPs is a problem to be solved, because it is inefficient to transmit the “common” message to many UEs separately by UE specific RRC signaling for they may have different active DL BWP. Also, referring to the working assumption in RAN1 92 meeting, for DCI format 1_0 which is used for scheduling common messages in CSS, how to interpret its frequency domain field is also a problem, because its size is determined by initial DL BWP but the field is applied to the currently active DL BWP. 

2. Discussion  
As shown in the above agreements, a UE can be additionally configured with CSS in an additional configured CORESET by RRC after the UE enters the RRC connection state and receives the configuration of BWPs. Meanwhile, we know that the network side does not want to send common information for each UE separately, because it will cause a lot of overhead. So how to enable multiple UEs to receive common messages, such as SI, RAR and paging on their respective RRC-configured BWPs should be considered. And how to interpret the frequency domain resource allocation field in DCI format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS is another problem. In terms of the WA which is proposed in RAN 1 92 meeting, the size of the field is determined by the initial DL BWP, but the it should be applied to the current active DL BWP, and the maximum number of continuous PRBs that can be scheduled is the number of PRBs in the initial DL BWP. When the current active DL BWP is not the initial DL BWP or has a different number of PRBs from the initial DL BWP, the UE should know the reference start position of the scheduling, in order to interpret the field and find the frequency domain resources that are actually scheduled. In general, there are three possible ways to solve this problem:
· Option 1: By making the initial DL BWP nested in each DL BWP. It means that every configured DL BWP should cover the initial DL BWP in the frequency domain. Then the reference scheduling start position is the PRB with lowest index in the initial DL BWP, i.e. the PRB with index “0” which can indicated by the frequency-domain field in DCI format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS is the PRB with lowest index in the initial DL BWP. It should be noted that the CSS can be in CORESET 0 or in the CORESET of the RRC configured BWP other than CORESET 0. Different UEs configured with respective BWPs can only share common messages within the initial DL BWP. This is a simple solution but too restrictive for BWP configuration, i.e. the frequency domain position or size of RRC configured BWP is limited by initial DL BWP.
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Figure 1 The method of option 1

· Option 2:  By using the current mechanism in TS 38.214 for format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS, the reference scheduling start position is the PRB with lowest index in the active DL BWP, i.e. the PRB with index “0” which can indicated by the frequency-domain field in DCI format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS is the PRB with lowest index in the active DL BWP. The network side should ensure the currently activated BWPs of UEs which need to share common messages have the same frequency domain starting position, even if the number of PRBs are same, and UEs could share the common messages in the overlap area of their respective active BWP. The advantage of this method is that there is no standard effect because it solves the problem by only relying on implementation. However, firstly, it is a bit difficult for the gNB to ensure the currently activated BWPs of the UEs that need to share common messages have the same starting position, it may also quietly restrict on the BWP configuration; Secondly, since the size determination and frequency domain field interpretations of non-fallback DCI are all based on active BWPs, if such implementation is performed for fallback DCI, it actually has a certain impact on the scheduling result by non-fallback DCI.
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Figure 2 The method of option 2

· Option 3:  The reference scheduling start position for DCI format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS could be specified as the PRB with lowest index in the corresponding CORESET, i.e. the PRB with index “0” which can indicated by the frequency-domain field in DCI format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS is the PRB with lowest index in the corresponding CORESET. It should be noted that the CSS can be in CORESET 0 or in the CORESET of the RRC configured BWP other than CORESET 0. The network side should ensure the UEs which need to share common messages have the same frequency domain starting position of their respective CORESET for CSS monitoring, and the CORESETs should completely overlap in the frequency domain. Then UEs could share the common messages in the overlap area of their respective active BWP. This method has some restrictions on the configuration of CORESET, but it only affects the CORESETs which have the associated CSS and needs to detect format 1_0 in it, and it can be decoupled from the currently active BWP, i.e. without affecting the configuration of the BWP, then in DL, the scheduling performed by the non-fallback DCI is also not affected.
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Figure 3 The method of option 3
Observation 1:  For DCI format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS, some benefits can be gained through specifying the reference scheduling start position as the PRB with lowest index in the corresponding CORESET, e.g. it can be decoupled from the currently active BWP without affecting the configuration of BWP and the scheduling of the non-fallback DCI.
Further, the BWP adaptation procedure can be triggered by non-fallback DCI, but if the switching DCI is missed, ambiguity may arise between the UE and the gNB’s understanding about which BWP is activated, the data may not reachable for the UE. In DL, if the same mechanism as option 3 is used, there could be no misunderstanding about the scheduling between BWPs for one UE when UE is configured to monitor DCI format 1_0 in a CSS, or even in a USS when the DCI size is determined by initial DL BWP, in this case, the DCI may be scrambled by C-RNTI. The UE can still receive the unicast data which is scheduled by fallback DCI in overlap area of the original and the target BWP. 
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Figure 4 Applicable scenario for BWP adaption
Observation 2: If the size of DCI format 1_0 is given by the initial DL BWP in CSS or USS, the mechanism of option 3 can also be used to ensure the robustness of BWP adaption procedure.

In summary, it is better to specify the reference scheduling start position for DCI format 1_0 in a CSS is the PRB with lowest index in the corresponding CORESET. For consistency, if it is agreed that in some case the size of DCI format 1_0 in a USS is also determined by initial DL BWP, the reference scheduling start position should also be the lowest index in the corresponding CORESET.
Proposal 1: If a CSS is configured for a UE to detect DCI format 1_0, the reference scheduling start position is the PRB with lowest index in the corresponding CORESET.
FFS: for USS depends on whether its DCI size is determined by initial DL BWP or current active BWP.


3. Conclusion
In this contribution, we had the following observations and proposals.
Observation 1:  For DCI format 1_0 scrambled by RA-RNTI, P-RNTI, and SI-RNTI in a CSS, some benefits can be gained through specifying the reference scheduling start position as the PRB with lowest index in the corresponding CORESET, e.g. it can be decoupled from the currently active BWP without affecting the configuration of BWP and the scheduling of the non-fallback DCI.

Observation 2: If the size of DCI format 1_0 is given by the initial DL BWP in CSS or USS, the mechanism of option 3 can also be used to ensure the robustness of BWP adaption procedure.

Proposal 1: If a CSS is configured for a UE to detect DCI format 1_0, the reference scheduling start position is the PRB with lowest index in the corresponding CORESET.
FFS: for USS depends on whether its DCI size is determined by initial DL BWP or current active BWP.
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