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1 Introduction

At RAN1 Beijing meeting, the issue for DCI format ambiguity due to common search space (CSS) and UE-specific search space (UESS) overlapping was discussed, and finally a way forward related to the solutions of SS restriction was agreed as below [1]:

· If common SS for a DCI format without CIF and UE-specific SS for a DCI format with CIF are overlapped and the payload sizes of the DCI formats scrambled by C-RNTI/SPS C-RNTI are the same, only either the DCI format on common SS or the DCI format on UE-specific SS is allowed to be transmitted in the overlapped part of the SSs, so UE can assume that one of the DCI formats will not be transmitted in the overlap region
· It will be discussed further which one is allowed to be transmitted between DCI format on common SS and DCI format on UE-specific SS  
In this paper, the issue is simply reviewed, and further analysis for the solutions of SS restriction and our preference is given.
2 Handling of overlap between CSS and UESS
2.1 Issue for DCI format ambiguity due to CSS and UESS overlapping
DCI format ambiguity occurs if DCI 0/1A without CIF in CSS and some other DCI formats with CIF in UESS scrambled with C-RNTI have same payload size at the overlapped region due to the possible different bandwidths among aggregated CCs. Therefore, UE may correctly decode the PDCCH corresponding to a wrong PDSCH/PUSCH CC and then leads to DL HARQ buffer corruption or introduces UL interference. The overlapping probability of CSS and UESS is rather high especially for the narrow-band cases.
One scenario for DCI format ambiguity issue is shown in Fig. 1, where PDCCH scheduled in CSS is without CIF both during RRC reconfiguration period between idle state and connected state of cross-carrier scheduling, and/or between same-carrier and cross-carrier scheduling, and after the period when eNB has received RRCConnectionReconfigurationComplete signalling feedback from UE. So DCI format ambiguity due to CSS and UESS overlapping always exists (only for CCE level 4 and 8). 
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Fig. 1. One scenario for DCI format ambiguity due to CSS and UESS overlapping
2.2 SS restriction
In this section, two sub-solutions of SS restriction are analyzed to resolve the DCI ambiguity issue stated in section 2.1.
Restrict UESS at the overlapped region of CSS and UESS
If CSS for a DCI format without CIF and UESS for a DCI format with CIF are overlapped and the payload sizes of the DCI formats scrambled by C-RNTI are the same, only the DCI format  in CSS is allowed to be transmitted at the overlapped region, so UE can assume that the DCI format in UESS will not be transmitted at the overlapped region, as shown in Fig. 2.
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Fig. 2. UESS is restricted at the overlapped region of CSS and UESS
Pro: 

· Provide an overall scheduling flexibility in CSS for smooth scheduling transition during RRC reconfiguration and CC (de)activation period, which could benefit the efficiency of scheduling and delay of services.
· Scheduling restriction for UESS is not so large, because PDCCH with CCE level 1 and 2 can also be scheduled. Furthermore, UESS with CCE level 4 and 8 may not be overlapped with CSS simultaneously, considering search spaces with different CCE levels have independent staring points, and if blocked, PDCCH with CCE level 1 or 2 can also be scheduled in UESS with power boosting.
· From eNB’s implementation point of view, the scheduling flexibility of primary CC (CSS located on) is in high priority, especially for the case of only 2 configured CCs.
Cons:

· Scheduling flexibility in UESS is reduced for PDCCHs with 4 and/or 8 CCE level.
Restrict CSS at the overlapped region of CSS and UESS
If CSS for a DCI format without CIF and UESS for a DCI format with CIF are overlapped and the payload sizes of the DCI formats scrambled by C-RNTI are the same, only the DCI format in UESS is allowed to be transmitted at the overlapped region, so UE can assume that the DCI format in CSS will not be transmitted at the overlapped region, as shown in Fig. 3.
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Fig. 3. CSS is restricted at the overlapped region of CSS and UESS
Pros:

· Keep an overall scheduling flexibility in UESS after the RRC reconfiguration period.

Cons:

· During RRC reconfiguration period, the ambiguous DCI format with CIF cannot be scheduled at the overlapped region, otherwise if scheduled but UE does not receive the RRC reconfiguration signalling, the UE will interpret it as a PDCCH without CIF for same-CC scheduling.
· Scheduling flexibility in CSS is reduced for PDCCHs with both 4 and 8 CCE levels simultaneously.

Summary:
There are two issues, RRC reconfiguration and DCI ambiguity at the overlapped region of CSS and UESS.

For RRC reconfiguration, DCI 0/1A without CIF can be scheduled in CSS.
For DCI ambiguity at the overlapped region of CSS and UESS, restrict scheduling to either CSS or UESS.

For RRC reconfiguration and DCI ambiguity occurring together as illustrated in Table 1,
    - If ambiguity is handled by UESS and RRC reconfiguration by CSS, no scheduling is possible.

    - If ambiguity is handled by CSS, and RRC reconfiguration by CSS, scheduling is possible.

Table 1: Comparison for search space overlap
	
	During RRC reconfig period
	After RRC reconfig period

	Search space restriction
	Restrict CSS
	No scheduling
	Schedule in UESS

	
	Restrict UESS
	Schedule in CSS
	Schedule in CSS


3 Conclusion 

In this paper, the issue is simply reviewed, and some further analysis for solutions of SS restriction is given. Finally, we have the following proposals:
· If CSS for a DCI format without CIF and UESS for a DCI format with CIF are overlapped and the payload sizes of the DCI formats scrambled by C-RNTI are the same, 
· Alt. 1: Only the DCI format in CSS is allowed to be transmitted at the overlapped region.

· Alt. 2: Only the DCI format in UESS is allowed to be transmitted at the overlapped region only after the RRC reconfiguration period.
We slight prefer Alt. 1 at this stage.
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