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1
Introduction
At RAN1#70bis and in a subsequent email discussion many aspects of the PDSCH and EPDCCH quasi-co-location (QCL) behavior were finalized.  However, one remaining aspect relates to the quasi-co-location assumption between EPDCCH DM-RS and PDSCH DM-RS.  In our view, such signaling should be possible and can be provided in a straightforward way based on the agreed signaling concepts. 
2
Discussion

In a post-RAN1#70bis email discussion, the following agreement was reached: 
· Alt-1 (behaviours A and B1) are supported for EPDCCH.

· In TM 1-9, behaviour A is supported

· In TM 10, it is RRC-configurable between behaviours A and B1

· For a UE with 1-CSI-process capability, a maximum of 1 NZP-CSI-RS resource can be configured in the CoMP measurement set

· All NZP-CSI-RS resources used for QCL assumptions are NZP-CSI-RS resources that are configured in the CoMP measurement set. 

One aspect that remains to be addressed relates to the quasi-co-location assumptions between PDSCH DM-RS and EPDCCH DM-RS.  In particular, it remains to be discussed whether or not the concept of PRB bundling applies for PDSCH and EPDCCH within the same PRG, assuming both share the same QCL state.  In our view, allowing such an assumption can be helpful for improving channel estimation and ultimately EPDCCH decoding performance.  However, it should be configurable by RRC signaling as it may not universally apply across all EPDCCH operating scenarios. 

The required signaling to support enabling or disabling EPDCCH and PDSCH bundling can be incorporated in a straightforward fashion into the EPDCCH QCL signaling which is still under discussion.  Table 1 provides a concrete proposal in which each EPDCCH set can be linked with one of the four PDSCH DM-RS QCL states.  Together with this linkage, it can be specified whether or not the UE is allowed to assume PRB bundling between the EPDCCH DM-RS and the PDSCH DM-RS.  If in a given subframe PDSCH and EPDCCH are transmitted using the same QCL state, the UE may assume bundling of ports 7 and 107, 8 and 108, 9 and 109, as well as 10 and 110, respectively, within the same PRG.  
Proposal: 

· Support PRB bundling between PDSCH and EPDCCH DM-RS of the same QCL state as a configurable feature to improve EPDCCH demodulation performance. 

· Incorporate the signaling into the EPDCCH QCL signaling to minimize specification impact. 
Table 1: RRC signaling of QCL assumptions for EPDCCH and PDSCH DM-RS.
	EPDCCH set
	QCL with PDSCH QCL state
	Bundling of EPDCCH and PDSCH DM-RS

	Set 1
	State i (i=1,…,4)
	Yes/No

	Set 2
	State j (j=1,…,4)
	Yes/No


A benefit of linking the EPDCCH QCL signaling to the PDSCH QCL states is improved flexibility in configuring whether or not bundling is applicable.  In fact, even though the 1-bit signaling in Table 1 is semi-static through RRC configuration, it is possible to enable/disable bundling dynamically.  This can be done by allocating an additional PDSCH QCL state that is associated with the same NZP CSI-RS resource but not linked with EPDCCH.  An illustration is provided in Table 2 where it is assumed that PDSCH QCL States 1 and 2 both link to the same NZP CSI-RS resource.  The EPDCCH QCL assumptions are linked to State 1 with bundling enabled.  However, bundling only applies to subframes n and n+2 in the figure; in subframe n+1 the QCL states do not match and therefore no bundling is assumed.  
Regardless of the above procedure, it is still useful to retain the 1 RRC configured bit in Table 1 such as to avoid having to configure multiple PDSCH QCL states when dynamic indication of the bundling assumption is not needed. 

Table 2: Illustration on how to enable/disable bundling dynamically.
	
	Subframe n
	Subframe n+1
	Subframe n+2

	PDSCH QCL state 
(signaled in DCI 2D)
	State 1
	State 2
	State 1

	PDSCH QCL state linked with EPDCCH (RRC configured)
	State 1

	Bundling assumed?
	Yes 
(QCL states identical)
	No 
(QCL states not identical)
	Yes 
(QCL states identical)


Observation: 

· Bundling can be enabled/disabled dynamically without the need for dynamic signaling by linking the EPDCCH QCL assumptions directly with one of the PDSCH QCL states. 

3
Conclusion

In summary, this contribution has made the following proposals: 
· Support PRB bundling between PDSCH and EPDCCH DM-RS of the same QCL state as a configurable feature to improve EPDCCH demodulation performance. 

· Incorporate the signaling into the EPDCCH QCL signaling to minimize specification impact. 

· Bundling can be enabled/disabled dynamically without the need for dynamic signaling by linking the EPDCCH QCL assumptions directly with one of the PDSCH QCL states. 
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