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1 Background
In RAN1#94b, the issue of EPDCCH case determination for non-uniform CSI-RS was discussed. The following tdocs were presented on this issue:
· [1,2] propose to use as  the smallest number of REs across all PRBs in the set.
· [3] proposes to rate match the EPDCCH assuming density of 1 (and, therefore, all PRBs will lead to the same number of )
· [4,5] is essentially a merging of the above CRs, where  is calculated as the minimum across all PRBs, but EPDCCH will rate match assuming density of 1
In the following, we analyse the problem and the proposed solutions to the issue.

2 Analysis of proposed solutions
In the following, we analyse the solutions proposed in [1,2] and [3]. We do not analyse the proposals in [4,5] since in our view they merge the two solutions before, and are redundant.
- The solution proposed by [3] solves the issue by rate matching the EPDCCH around CSI-RS assuming a density of 1 (even when the configured density is smaller). This solution, therefore, wastes resources that are not used by any other channel or signal.
Observation 1: The solution proposed in [3] unnecessarily reduces EPDCCH performance by not using empty REs.
- The solution presented in [1,2], in our view, is unnecessarily complicated and still may not fully solve all issues. In the following, we use a similar example as in [6] to illustrate our point:
Scenario 1: 
· CSI RS configuration: NZP-FrequencyDensity = ½ and NZP-TransmissionComb = 0
· For subframes with CSI-RS, CSI-RSs only occur at the even PRBs
· EPDCCH Configuration
· EPDCCH Set 0 = {PRB 0, PRB 1, PRB3, PRB5}
· PRB 0 with CSI-RS. nEPDCCH  = 92
· PRB 1, 3 and 5 without CSI-RS. nEPDCCH  = 108 

In this case, we have , , and . For this particular case, depending on the value of , the eNB would pick among the following two cases (assume distributed EPDCCH):
	
	Number of EPDCCH candidates
 [image: ] 

	
	L=1
	L=2
	L=4
	L=8
	L=16

	
	0
	8
	4
	2
	1

	
	4
	5
	4
	2
	1


We observe the following:
- For the “<104” case, there are no candidates monitored with aggregation level of 1. The reason for this is that the code rate is deemed to be very small. In the case under study, however, the average number of REs across all PRBs is 104, so the candidates of L=1 will meet the target code rate. With the proposal in [1,2], the eNB is not allowed to schedule with L=1, which reduces the spectral efficiency.
We can extend this example to other cases: consider a PRB set with 8 PRBs, with only the first one affected by CSI-RS:
Scenario 2: 
· CSI RS configuration: NZP-FrequencyDensity = ½ and NZP-TransmissionComb = 0
· For subframes with CSI-RS, CSI-RSs only occur at the even PRBs
· EPDCCH Configuration
· EPDCCH Set 0 = {PRB 0, PRB 1, PRB3, PRB5, PRB7, PRB9, PRB11, PRB13}
· PRB 0 with CSI-RS. nEPDCCH  = 92
· PRB 1, 3, 5, 7, 9, 11 without CSI-RS. nEPDCCH  = 108 

In this case, we have again , we have , , and . The candidates are as follows:
	
	Number of EPDCCH candidates
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	L=1
	L=2
	L=4
	L=8
	L=16
	L=32

	
	0
	6
	4
	3
	2
	1

	
	4
	4
	4
	2
	2
	0


We note the following:
- Similar to scenario 1, if we follow the proposal in [1,2] we lie in the row of “, which does not allow to schedule with L=1, even when 7/8 PRBs have .
- Additionally, there is one candidate with L=32. This candidate is not necessary, since the code rate achievable with L=16 is enough (note that )
Thus, the solution in [1,2] is too pessimistic in many cases, and does not solve the problem completely.
Observation 2: The solution proposed in [1,2] is too pessimistic in many cases (see examples above in Scenarios 1 and 2).
Note that the examples above can be even more extreme (e.g. if we consider more CSI-RS ports and less symbols for control). Additionally, the computation of the minimum number of REs requires some increased UE complexity (create the bitmaps for all the PRBs, count, compute the minimum) and the benefits of this optimization are unclear in line with the above.
3 Alternative solution
Defining a complete solution that creates candidates that meet the code rate constraint in all cases will be extremely complicated and its benefits are unclear.
A simple solution is to adopt a similar approach as when determining  from two PRB sets (which may have different ): in that case, the decision was to use the set . We propose to follow a similar (simple) approach and determine  by using the lowest indexed PRB in set .

Proposal: The UE determines the  by using the lowest indexed PRB in set .
	- Adopt the text proposal TP1
< TP1, 36.211>



Case A in Table 6.8A.1-2 is used when the conditions corresponding to case 1 in clause 9.1.4 of 3GPP TS 36.213 [4] are satisfied, otherwise case B is used. The quantity  for a particular UE and referenced in 3GPP TS 36.213 [4] is defined as the number of downlink resource elements  available for EPDCCH transmission in the lowest indexeda physical resource-block pair configured for possible EPDCCH transmission of EPDCCH set  and fulfilling all of the following criteria:

</TP1, 36.211>
4 Summary of observations and proposals
Observation 1: The solution proposed in [3] unnecessarily reduces EPDCCH performance by not using empty REs.
Observation 2: The solution proposed in [1,2] is too pessimistic in many cases (see examples above in Scenarios 1 and 2).
Proposal: The UE determines the  by using the lowest indexed PRB in set .
	- Adopt the text proposal TP1
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