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1. Introduction
In RAN1#68bis, the definition of enhanced resource element group (eREG) and enhanced control channel element (eCCE) for enhanced Physical Downlink Control Channel (ePDCCH) was discussed [1], and the following were defined as the Next Steps for resource mapping for ePDCCH.
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In this contribution, a resource element (RE) mapping for the enhanced Physical Downlink Control Channel (ePDCCH) is proposed in the case of presence of other signals.
2. Discussion
In RAN1#68bis, RE mapping for ePDCCH in the presence of colliding signals was discussed and the following possible methods were considered.
· Option 1: puncturing of REs including coded symbols

· Option 2: puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain

· Option 3: rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
First, we discuss performance of ePDCCH transmission associated with the number of REs in an eREG.  Next, we discuss the number of eREGs in a PRB pair. These lead to Proposals 1 and 2.
2.1 Puncturing vs. rate matching of REs
Performance of ePDCCH transmission associated with the number of REs in an eREG
In the case that an eREG is defined with REs around colliding signals, i.e. Option 3, the number of REs in each eREG can and should be constant so that every ePDCCH with a given aggregation level achieves the same performance regardless of number of eREGs in the ePDCCH. Hence, as is true for legacy PDCCH, it should be easy to meet a desired quality level through a rate adaptation process at the aggregation level, without having to consider the varying number of mapped REs because of the presence of colliding signals. In contrast, in the case that REs mapped by the colliding signals are punctured, i.e. Option 1 and Option 2, the performance of ePDCCH transmission with a given aggregation level may vary, since the number of REs in eREGs changes. Even in this case, however, a desired quality level can be satisfied through a rate adaptation process at the aggregation level by considering the number of punctured REs. Therefore, whether the number of REs in an eREG is constant or not has no impact to the eventual performance of ePDCCH transmission.
Number of eREGs in a PRB pair
Figure 1 shows examples of an eREG definition. In the case that REs mapped by the colliding signals are punctured as shown in Fig. 1 (a), i.e. Option 1 and Option 2, every PRB pair has the same eREG structure regardless of existence or not of the colliding signals. On the other hand, in the case that an eREG is defined with REs around colliding signals as shown in Fig. 1 (b), i.e. Option 3, the eREG structure changes depending on the existence of the colliding signals. In this case, there may be REs which cannot belong to any eREGs in the PRB pair depending on the eREG definition. Furthermore, if the ePDCCH is widely distributed in the frequency domain like the legacy PDCCH, PRB pairs may be excessively consumed especially in the case of only one ePDCCH transmission. Hence, Option 3 brings on degradation of resource usage efficiency. Thus, the colliding signals should be avoided by puncturing, taking into account the resource usage efficiency and reuse to PDSCH.
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(a) Puncturing, i.e. Option 1 and 2      (b) Rate matching, i.e. Option 3

Figure 1: Examples of eREG definition
Observation 1:

· Whether the number of REs in an eREG is constant or not has no impact to the eventual performance of ePDCCH transmission.
· eREG mapping around colliding signals brings on degradation of resource usage efficiency.
Proposal 1:
· In presence of other signals, colliding REs should be punctured for the mapping of ePDCCH.

2.2 Puncturing vs. rate matching in coding chain
In this section, we discuss the exact process of coding rate control in the coding chain. In figure 2, we show the BLER Performances of “Puncturing” and “Rate matching” in coding chain. This figure shows that the performance difference between two processes is neglegible in aggregation level 4. On the other hand, “Rate matching” achieves slightly better performance than “Puncturing of coded symbols” in a case of high coding rate,e.g. aggregation level 2, since the bit selection pattern of “Rate matching” is closer to the optimal pattern than that of “Puncturing”. From the performance perspective, therefore, “rate matching” should be baseline if there are no factors to prevent to apply it.
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Figure 2: BLER Performances of “Puncturing” and “Rate matching” in coding chain (with 3 OFDM symbols for legacy PDCCH and 2 CRS antenna ports as colliding signals)
Observation 2:
· The performance difference between “puncturing” and “rate matching” in coding chain is negligible in low coding rate, e.g. aggregation level 4.
· In contrast, slightly better performance is achieved by “Rate matching” than “puncturing” in high coding rate, e.g. aggregation level 2.
Proposal 2:
· “Rate matching in coding chain” should be baseline from the performance perspective if there are no factors to prevent to apply it.
Even though the performance difference is the one of the criteria, we think other aspects should be studied carefully.
For examples, there are two factors that can be drawback of the rate matching process in coding chain.
· Factor 1: The rate matching process for ePDCCH cannot control the ePDCCH rate appropriately if the UE does not recognize the existence of all colliding signals. This situation may be caused by the introduction of the common search space (CSS) on ePDCCH. To be more specific, the UE knows the existence of CRS, PCFICH, PSS/SSS and PBCH without dedicated signaling. DM-RS is also recognized since it always exists in ePDCCH. However, the UE cannot recognize the existence of CSI-RS or PRS before their positions are notified via dedicated signaling, if the blind detection of CSI-RS or PRS is not assumed.
· Factor 2: When multiple UEs monitor the same ePDCCH, i.e. broadcast or multicast ePDCCH, all of the UEs have to recognize the existence of all colliding signals. Otherwise, rate control cannot be treated in the rate matching process. This may occur only when a monitoring ePDCCH with P-/SI-/RA-RNTI is introduced. In the case that all of the UEs are Rel-11 UE, this problem boils down to Factor 1. If it is assumed that Rel-11 UE and Rel-12 UE can monitor the same ePDCCH with P-/SI-/RA-RNTI, the impact of Factor 2 should be considered carefully.
Table 1 shows the analysis of the above factors in the following three cases.
· Case 1: Rel-11 UE configured with ePDCCH monitors CSS on PDCCH and USS on ePDCCH. The UE monitors DL grant with P-/SI-/RA-RNTI only in the CSS on PDCCH.
· Case 2: Rel-11 UE can monitor ePDCCH with P-/SI-/RA-RNTI. In the Rel-12 network, the Rel-11 UE and Rel-12 UE monitor the same ePDCCH with P-/SI-/RA-RNTI in the CSS on ePDCCH.
· Case 2-a: CSS on ePDCCH is introduced for Rel-11. Rel-11 UE can monitor the CSS on ePDCCH without using dedicated signaling and the UE monitors ePDCCH with P-/SI-/RA-RNTI there. Rel-12 continues the CSS on ePDCCH as it is in Rel-11.
· Case 2-b: Monitoring of ePDCCH with P-/SI-/RA-RNTI in USS is introduces in Rel-11. The CSS on ePDCCH is introduced in Rel-12. In the Rel-12 network, Rel-11 UEs monitor the Rel-12 CSS as their USS.
Case 1 does not result in Factor 1 since the UE starts to monitor ePDCCH after configuration via dedicated signaling. In addition, Factor 2 is not necessarily taken into account because the UE does not monitor ePDCCH with P-/SI-/RA-RNTI in Case 1. Therefore, Option 2 can be applied in the presence of all colliding signals in Case 1, since there are no factors preventing rate control in the rate matching process.
Observation 3:

· If all Rel-11 UEs monitor the CSS on PDCCH in the same manner as legacy UEs and would never be configured to monitor ePDCCH with P-/SI-/RA-RNTI, there is no drawback to apply rate matching process in coding chain in the presence of colliding signals.
In Case 2-a, UE can monitor the CSS on ePDCCH without using dedicated signaling. In this case, since the UE may not recognize PRS and CSI-RS which are configured via dedicated signaling, Option 1 has to be applied due to the existence of Factor 1. For Case 2-b, PRS and CSI-RS are not recognized by the Rel-12 UE which monitors the same ePDCCH with P-/SI-/RA-RNTI as in Rel-11. Thus, Option 1 has to be applied due to the existence of Factor 2. Regarding CRS, the legacy control region, PSS/SSS and PBCH, Factor 1 vanishes since the Rel-11 UE knows the location of these signals. However, it depends on the design of PBCH, PCFICH and PSS/SSS for Rel-12 whether or not the Rel-12 UE can recognize these signals without using dedicated signaling. This is not the right agenda to discuss this issue, which needs to be considered first. Hence, the monitoring of ePDCCH with P-/SI-/RA-RNTI should be assumed to be introduced at least in this discussion to achieve the safer design and it may allow the Rel-11 UEs to have forward compatible function to monitor Rel-12 CSS in ePDCCH. Thus, Option 1 is preferable in coping with these colliding signals and from safer ePDCCH design point of view.
Observation 4:

· Puncturing of coded symbols has to be applied for all of the colliding signals except DM-RS if Rel-11 UEs can be configured to monitor forward compatible ePDCCH with P-/SI-/RA-RNTI.
Table 1: Potentially colliding signals
	
	Case 1
	Case 2

	CRS
	Option 2
	Option 1

	legacy control region
	Option 2
	Option 1

	PSS/SSS
	Option 2
	Option 1

	PBCH
	Option 2
	Option 1

	PRS
	Option 2
	Option 1

	CSI-RS
	Option 2
	Option 1

	DM-RS
	Option 2
	Option 2


As discussed above, the RE mapping for the puncturing REs depends highly on whether or not the CSS on ePDCCH and ePDCCH with P-/SI-/RA-RNTI are introduced. The fundamental usage of the ePDCCH has a significant impact on the optimization of the detailed process in coding chain for ePDCCH.
Observation 5:
· The fundamental usage of ePDCCH (e.g. what kinds of contents are monitored in ePDCCH or when ePDCCH is monitored etc) has a significant impact on the optimization of the detailed process in coding chain for ePDCCH. Namely, there could be some preventing factors depending on the usage of ePDCCH.

· For example, if all Rel-11 UEs monitor PDCCH with P-/SI-/RA-RNTI on a legacy control region in the same way as legacy UEs and Rel-11 UEs would never be configured to monitor ePDCCH with P-/SI-/RA-RNTI, puncturing of REs with rate matching in coding chain should be used for all of the colliding signals from the performance perspective.

· In another example, if Rel-11 UEs can be configured to monitor forward compatible ePDCCH with P-/SI-/RA-RNTI, puncturing of coded symbols has to be applied for all of the colliding signals except DM-RS.
3. Conclusion

In this contribution, we reviewed the resource usage efficiency and the BLER performance of the several possible methods which were raised in RAN1#68bis. According to the above discussion, Sharp proposes that: 

· In presence of other signals, colliding REs should be punctured for the mapping of ePDCCH.

· “Rate matching in coding chain” should be baseline from the performance perspective if there are no factors to prevent to apply it.
Then, we also discussed potential preventing factors that can be drawback of the rate matching process in coding chain. We should consider that:
· The fundamental usage of ePDCCH (e.g. what kinds of contents are monitored in ePDCCH or when ePDCCH is monitored etc) has a significant impact on the optimization of the detailed process in coding chain for ePDCCH. Namely, there could be some preventing factors depending on the usage of ePDCCH.
· For example, if all Rel-11 UEs monitor PDCCH with P-/SI-/RA-RNTI on a legacy control region in the same way as legacy UEs and Rel-11 UEs would never be configured to monitor ePDCCH with P-/SI-/RA-RNTI, puncturing of REs with rate matching in coding chain should be used for all of the colliding signals from the performance perspective.

· In another example, if Rel-11 UEs can be configured to monitor forward compatible ePDCCH with P-/SI-/RA-RNTI, puncturing of coded symbols has to be applied for all of the colliding signals except DM-RS.
4. References

[1] RAN1 Chairman’s Notes, 3GPP TSG-RSN WG1 #68bis, Jeju, March 2012.
5. Annex
Table A: Simulation assumption

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel
	ETU (3km/h)

	DCI format
	Format 2C (42 bits excluding CRC)

	Antenna configuration
	2x2, single antenna port (port 7)

	Channel estimation
	2D-MMSE

	Allocation type
	Distributed

	Modulation scheme
	QPSK

	Encoder
	Tail biting convolutional code

	Precoding
	RBF

	Colliding signals
	CRS, legacy PDCCH

	Number of CRS ports
	2

	Number of OFDM symbols for legacy PDCCH
	3


Next steps:


Consider how to handle mapping of ePDCCH in presence of other signals:


Possible methods:


puncturing of REs including coded symbols


puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain


rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals


Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS


Then consider “(e)REG/(e)CCE” definitions 


Then determine necessary aggregation levels and relationship to localised and/or distributed transmission.








1

