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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
It was agreed in RAN1 #87 that unused PDCCH resources in control resource set will be reused for PDSCH. However, the further details need to be decided. In this contribution we cover the indication of the reused PDCCH resources for PDSCH.
2. Resource sharing between PDCCH and PDSCH
1. 
1. 
2. 
In order for dynamic reusing PDCCH resource for PDSCH, the straightforward approach is to indicate all the remaining resource of control region dynamically to UE at a broadcast way. The signaling overhead of this would be unaffordable. For signaling reduction, a simple approach is to indicate the starting symbol position of PDSCH  explicitly through UE DCI [3][4], which is also called explicit indication and may not be good at resource utilization in some cases as showing in section 2.1. Besides, another implicit indication has been discussed in sTTI[5][6], which can achieve best resource utilization. It may imposes a lot of scheduling constrains for control and data such as DL DCI should be contained in PDSCH and UL DCI and other UE’s DCI should be scheduled before its DL DCI.
In general, NR should pursue an appropriate trade-off between signaling overhead, resource utilization and scheduling limitation. We give analysis on different cases according to the relation of PDSCH and configured/unknown CORESET(s). We assume that the PDCCH PRBs should not exceed scheduled PDSCH PRBs for reused PDCCH resource [7].
1 
2 
Cases for resource sharing between PDCCH and PDSCH
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Case 1: There is only one configured CORESET corresponding to the frequency region of PDSCH for UE, and only the UE’s DCI is contained in the CORESET. 


Figure 1 PDCCH resource sharing for Case 1
Figure 1 shows an example of resource sharing between PDCCH and PDSCH for Case 1. CORESET1 is UE1’s configured CORESET, and DCI1 is UE1’s scheduling DCI. UE1’s data can be mapped to all the remaining resources of the CORESET1 except the resources used by DCI1 through the method of rate matching around DCI1. The starting symbol of PDSCH1 is assumed by UE1 as the 1st symbol of CORESET1 without any signaling indication for PDSCH starting position if this scheduling imposing case is known to UE1.
Case 2: There is only one configured CORESET corresponding to the frequency region of PDSCH for UE, and there may be common DCI besides of the UE’s DCI in the CORESET.


Figure 2 PDCCH resource sharing for Case 2
Figure 2 shows an example of resource sharing between PDCCH and PDSCH for Case 2. CORESET1 is UE1’s configured CORESET, and DCI1 is UE1’s scheduling DCI. Besides, common DCI is also transmitted in the CORESET. UE1’s data can be mapped to all the remaining resources of the CORESET1 except the resources used by DCI1 and common DCI through the method of rate matching around DCI1 and common DCI. The starting symbol of PDSCH1 is assumed by UE1 as the 1st symbol, too.
Observation 1: UE can be rate matched around its DCI(s) and common DCI and using all the remaining PDCCH resource without any indication if there is no other UE’s DCI in the configured CORESET(s).
Case 3: There is only one configured CORESET corresponding to the frequency region of PDSCH for UE, and there may be other UE’s DCI besides of the UE’s DCI and common DCI in the CORESET.


Figure 3A PDCCH resource sharing through PDSCH starting symbol indication


Figure 3B PDCCH resource sharing through implicit indication
Figure 3A and 3B shows two examples of resource sharing between PDCCH and PDSCH for Case 3, where CORESET1 is UE1’s configured CORESET and DCI1 is UE1’s scheduling DCI and DCI2 is other UE’s scheduling DCI.
Figure 3A shows PDCCH resource sharing through explicit PDSCH starting symbol indication, in which the actual starting position of PDSCH1 is the 2nd OFDM symbol of the slot. Figure 3B shows PDCCH resource sharing through implicit indication, in which the actual starting position of PDSCH1 is 1st OFDM symbol of the slot. 
The resource utilization of PDCCH implicit indication is higher than PDSCH starting symbol indication. 
Case 4: There are multiple configured CORESETs corresponding to the frequency region of PDSCH for UE, and the resources of at least two of them may be overlapped.


Figure 4A PDCCH resource sharing through one PDSCH starting symbol indication


Figure 4B PDCCH resource sharing through multiple PDSCH starting symbol indication


Figure 4C PDCCH resource sharing through implicit indication
Figure 4A~4C shows three examples of resource sharing between PDCCH and PDSCH for Case 4, where both CORESET1 and CORESET2 are UE1’s configured CORESETs, and CORESET1 with duration 1 is overlapped with CORESET 2 with duration 2. DCI1 which is UE1’s scheduling DCI is contained in CORESET1, and common DCI is contained in CORESET2. DCI2 or DCI3 is other UE’s scheduling DCI.
Figure 4A shows PDCCH resource sharing through explicit one PDSCH starting symbol indication, in which the actual starting position of PDSCH1 is the 4th OFDM symbol of the slot. Figure 4B shows PDCCH resource sharing through one PDSCH starting symbol indication, in which the actual starting position of PDSCH1 is the 3rd OFDM symbol of the slot for the subband of CORESET1-CORESET2 and 4th OFDM symbol of the slot for the subband of CORESET2. Figure 4C shows PDCCH resource sharing through implicit indication, in which the actual starting position of PDSCH1 is 1st OFDM symbol of the slot for both CORESET1 and CORESET2.
The resource utilization of PDCCH implicit indication is higher in case 4. 
Observation 2: It is beneficial for improving resource utilization of PDCCH resource by implicit indication when only configured CORESET(s) exist in the frequency domain of the PDSCH.
Case 5: There are CORESET(s) known and unknown to the UE, and there is no overlapping between them.


Figure 5A PDCCH resource sharing through one PDSCH starting symbol indication


Figure 5B PDCCH resource sharing through hybrid indication
Figure 5A and 5B shows two examples of resource sharing between PDCCH and PDSCH, where CORESET1 is UE1’s configured CORESET and CORESET2 is UE1’s unknown CORESET. DCI1 is UE1’s scheduling DCI. DCI2 or DCI3 is other UE’s scheduling DCI.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 5A shows PDCCH resource sharing through explicit PDSCH starting symbol indication, in which the actual starting position of PDSCH1 is the 3rd OFDM symbol of the slot. Figure 5B shows PDCCH resource sharing through hybrid indication, i.e. explicit indication for unknown CORESET and implicit indication for configured CORESET. The actual starting position of PDSCH1 is 1st OFDM symbol of the slot for CORESET1 and 2nd OFDM symbol for CORESET2.
The resource utilization of PDCCH through hybrid indication is higher in case 5. 
Case 6: There are configured CORESET(s) and unknown CORESET(s) corresponding to the frequency region of PDSCH for UE, and there is overlapping between them.


Figure 6A PDCCH resource sharing through PDSCH starting symbol indication


Figure 6B PDCCH resource sharing through implicit indication
Figure 6A and 6B shows two examples of resource sharing between PDCCH and PDSCH for Case 6, where CORESET1 is UE1’s configured CORESET and CORESET2 is UE1’s unknown CORESET. Resource overlapping is happened between them. DCI1 is UE1’s scheduling DCI, and DCI2 is other UE’s scheduling DCI.
Figure 6A shows PDCCH resource sharing through PDSCH starting symbol indication, in which the actual starting position of PDSCH1 is the 2nd OFDM symbol of the slot both CORESET1 and CORESET2. 
Figure 6B shows PDCCH resource sharing through implicit indication. gNB schedules all DCI of CORESET1 and CORESET in their overlapped region. The actual starting position of PDSCH1 is 1st OFDM symbol of overlapping part for both CORESET1 and CORESET2.
The resource utilization of PDCCH through implicit indication is higher in case 6. 
Observation 3: Resource utilization will be improved for PDCCH resource sharing by implicit or hybrid indication when both configured CORESET and unknown CORESET exist in the frequency domain of the PDSCH.
Signaling aspects for resource sharing between PDCCH and PDSCH
Resource utilization can be improved a lot by implicit indication for configured CORESET without any indication as discussed. However, it brings some scheduling restriction. For unknown CORESET, UE cannot indentify its resource. This can be explicitly indicated. 
For configured CORESET(s), one or two bits can be added to UE DCI to indicate which PDCCH resource sharing approach such as explicit indication like PDSCH starting symbol indication or implicit indication or other is used for current rate matching. For unknown CORESET(s), PDSCH starting symbol should be explicitly indicated through UE DCI. 
Proposal 1: Separated rate matching method for configured CORESET(s) and unknown CORESET(s) should be considered for NR PDCCH resource sharing with PDSCH.
· Multiple rate matching method could be introduced for configured CORESET(s), i.e. implicit indication for based on occupied DCIs and explicit PDSCH starting symbol indication.
· One or two additional bits could be added to UE DCI to dynamically indicate which rate matching method is used currently for the configured CORESET(s).
· The PDSCH starting symbol being indicated explicitly by UE DCI for unknown CORESET(s) should be supported.
3. Conclusion
Based on the analysis given above, we have the following observations and proposals:
Observation 1: UE can be rate matched around its DCI(s) and common DCI and using all the remaining PDCCH resource without any indication if there is no other UE’s DCI in the configured CORESET(s).
Observation 2: It is beneficial for improving resource utilization of PDCCH resource by implicit indication when only configured CORESET(s) exist in the frequency domain of the PDSCH.
Observation 3: Resource utilization will be improved for PDCCH resource sharing by implicit or hybrid indication when both configured CORESET and unknown CORESET exist in the frequency domain of the PDSCH.
Proposal 1: Separated rate matching method for configured CORESET(s) and unknown CORESET(s) should be considered for NR PDCCH resource sharing with PDSCH.
· Multiple rate matching method could be introduced for configured CORESET(s), i.e. implicit indication for based on occupied DCIs and explicit PDSCH starting symbol indication.
· One or two additional bits could be added to UE DCI to dynamically indicate which rate matching method is used currently for the configured CORESET(s).
· The PDSCH starting symbol being indicated explicitly by UE DCI for unknown CORESET(s) should be supported.
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