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1 Introduction
This contribution discusses RS relation between R-PDCCH and PDSCH. R-PDCCH is demodulated by CRS or DM-RS. The transmission modes for PDSCH are not limited in TS36.216. Therefore, following cases are possible but we don't think the RN behaviour is sufficiently specified. We will discuss these cases.
- The first slot is R-PDCCH with CRS and the second slot is PDSCH with DMRS
- The first slot is R-PDCCH with DMRS and the second slot is PDSCH with CRS
- The first slot is R-PDCCH with DMRS and the second slot is PDSCH with DMRS
2 Discussion 
The RS of R-PDCCH is defined as follows in section 5.7.1 of TS36.216.
The reference signal sequence of antenna port 7, 8, 9 and 10 shall only be mapped to resource elements in the first slot of a PRB pair used for eNB-to-RN transmission when configuration 1 in Table 5.4-2 is used.
Above description implicitly means that DMRS on first slot and DMRS on second slot might be different beam when configuration 0 in Table 5.4-2 is used. In case of early decoding implementation, DMRS on second slot is not used for demodulation of DL assignment on first slot. With these situations, we think it is not necessary to transmit antenna port 7 for the demodulation of R-PDCCH in the second slot. Note that if antenna port 7 is only transmitted on first slot and antenna port 8 is only transmitted on second slot, the eNB power can be fully utilized in spite of power boosting of each antenna because the power of antenna port 7 / R-PDCCH on first slot and the power of antenna port 8 / PDSCH on second slot can be equally increased. This does not have any impact on the rate matching process of PDSCH i.e. the number of REs because port 7 and port 8 use identical REs and no impact on PDSCH rate matching process. 
Clarification 1:

In case that the first slot is R-PDCCH with DMRS and the second slot is PDSCH with single antenna port 8, the first slot contains only antenna port 7 and the second slot contains only antenna port 8. In case that the first slot is R-PDCCH with DMRS and the second slot is PDSCH with single antenna port 7, both slots contain antenna port 7.
The similar argument can be applied also for the combination of R-PDCCH with DMRS and PDSCH with CRS (TM 1-6). In this case, REs for port 7 for the demodulation of R-PDCCH are not necessary to be reserved and transmitted on second slot. This means the rate matching for PDSCH in the second slot is just to follow CRS based transmission.
Clarification 2:

In case that the first slot is R-PDCCH with DMRS and the second slot is PDSCH with CRS, REs for antenna port 7 are reserved and transmitted on only first slot and REs for port 7 are not reserved in the second slot.
The REs for R-PDCCH is defined as follows in section 7.4.1 of TS36.216.
For R-PDCCH according to Section 5.6.2, if the RN is configured to receive PDSCH data transmissions according to transmission mode 9, the RN may assume that the REs for UE-specific reference signals according to the maximum restricted rank are reserved in the first slot of VRB pairs that are used for R-PDCCH transmission, where the higher-layer parameter codebookSubsetRestriction-r10 indicates the maximum restricted rank.
Above description implicitly means that RN can assume DMRS on the first slot is transmitted for the demodulation of PDSCH on the second slot in TM 9. However there is no similar description for TM 7 and TM 8. If same behaviour as TM 9 is supported, RN should assume that REs for antenna port 5 for TM 7 and REs for antenna port 7/8 for TM 8 are reserved in the first slot. If RN assume REs for port 5 and port 7/8 are not allocated on first slot to demodulate PDSCH on second slot, REs for port 5 and port 7/8 are not necessary to be reserved on the first slot. We do not have a strong view how to conclude this but we see the need for clarification.
Issue 1:
In case that the first slot is R-PDCCH with CRS and the second slot is PDSCH with TM 7 or TM 8, it should be decided whether RN assumes that REs for antenna port 5 for TM 7 and antenna port 7/8 for TM 8 are reserved in the first slot or not 
For R-PDCCH format with cross interleaving, DMRS is defined as follows in section 5.6.3 in TS36.216
UE-specific reference signals are not mapped onto PRB pairs used for the transmission of R-PDCCH with cross-interleaving
It is unclear that above description indicates whether R-PDCCH with CRS and PDSCH with DMRS are not allowed to collocate on the same PRB pair in cross interleaving case. In addition, for ambiguous R-PDCCH aggregation levels in cross interleaving, it was agreed that critical PRBs are not scheduled as the implementation method. Therefore, in cross interleaving case, our understanding is DL assignment and PDSCH are not collocated on a same PRB by implementation.

Clarification 3:
In cross interleaving case, R-PDCCH with CRS and PDSCH with DMRS are not allowed to collocate on the same PRB pair.
Summary of required clarifications:

All combinations of RS for R-PDCCH and PDSCH in the first and second slot are shown in Table 1. Highlighted parts need clarifications.
Table 1  The combinations of RS on R-PDCCH and RS on PDSCH
	R-PDCCH in 1st slot
	PDSCH in 
2nd slot
	Reserved REs for DMRS in 
1st slot
	Transmitted DMRS in 

2nd slot


	Non cross-interleaving with CRS
	PDSCH TM 1-6
	-
	-

	
	PDSCH TM 7
(port 5)
	Need to be concluded (issue 1)

Option 1: REs for port 5 are reserved but not used for demodulation of R-PDCCH
Option 2: REs for port 5 are not reserved
	Format 1A:-

Format 1: Port 5

	
	PDSCH TM 8
(port 7/8)
	Need to be concluded. (issue 1)

Option 1: REs for port 7/8 are reserved but not used for demodulation of R-PDCCH
Option 2: REs for port 7/8 are not reserved 
	Format 1A: -

Format 2B: Port 7 and/or Port 8



	
	PDSCH TM 9

	REs for port 7 and other DMRS indicated by maximum restricted rank are reserved but not used for demodulation of R-PDCCH
	Format 1A: -

Format 2C: DMRS (6 REs or 12 REs) indicated by R-PDCCH

	Non cross-interleaving

with DMRS 


	PDSCH TM 1-6
	REs for port 7 are reserved and used for demodulation of R-PDCCH.

	Need to be concluded (clarification 2)

Our proposal is REs for port 7 for the demodulation of R-PDCCH is not reserved.

	
	PDSCH TM 7
(port 5)
	REs for port 7 are reserved and used for demodulation of R-PDCCH .
Need to be concluded (issue 1)

Option 1: port 5 is reserved but not used for demodulation of R-PDCCH. 

Option 2: port 5 is not reserved.
	Format 1A: -

Format 1 : REs for port 5 are reserved and used for demodulation of PDSCH
Need to be concluded (clarification 2)

Our proposal is REs for port 7 for the demodulation of R-PDCCH is not reserved.

	
	PDSCH TM 8
(port 7/8)

Other than single port 8 PDSCH 
	REs for port 7/8 are reserved and port7 is used for demodulation of R-PDCCH transmission.
	Format 1A: REs for port 7 are reserved and used for the demodulation of PDSCH

Format 2B: DMRS REs indicated by R-PDCCH are reserved and used for the demodulation of PDSCH



	
	PDSCH TM 8
(port 7/8)

Single port 8 PDSCH 
	REs for port 7/8 are reserved.

Need to be concluded. (clarification 1)

Our proposal is only port7 is transmitted and port 8 for the demodulation of PDSCH is not transmitted
	REs for port 8 are reserved and used for demodulation of PDSCH with single port 8

Need to be concluded (clarification 1)

Our proposal is port 7 for the demodulation of R-PDCCH is not transmitted. 

	
	PDSCH TM 9
Other than single port 8 PDSCH 
	port7 and other DMRSs indicated by maximum restricted rank are reserved, port7 is used for demodulation of R-PDCCH and other DMRSs are not used for demodulation of R-PDCCH.
	Format 1A: REs for port 7 are reserved and used for the demodulation of PDSCH
Format 2C: DMRS REs indicated by R-PDCCH are reserved and used for the demodulation of PDSCH

	
	PDSCH TM 9
Single port 8 PDSCH 
	port7 and other DMRSs indicated by maximum restricted rank are reserved
Need to be concluded. (clarification 1)

Our proposal is only port7 is transmitted and port 8 for the demodulation of PDSCH is not transmitted.
	REs for port 8 are reserved and used for demodulation of PDSCH with single port 8

Need to be concluded (clarification 1)

Our proposal is port 7 for the demodulation of R-PDCCH is not transmitted.

	Cross-interleaving
(CRS)
	PDSCH TM 1-6
	DL assignment and PDSCH are not collocated on a same PRB pair 

	
	PDSCH TM 7-9
	Need to be concluded. (clarification 3)

R-PDCCH with CRS and PDSCH with DMRS are not allowed to collocate on the same PRB pair.


3 Conclusion

In this contribution we discussed RS relation between R-PDCCH and PDSCH. R-PDCCH is demodulated by CRS or DM-RS. We propose the following clarifications:
· In case that the first slot is R-PDCCH with DMRS and the second slot is PDSCH with single antenna port 8, the first slot contains only antenna port 7 and the second slot contains only antenna port 8. In case that the first slot is R-PDCCH with DMRS and the second slot is PDSCH with single antenna port 7, both slots contain antenna port 7.

· In case that the first slot is R-PDCCH with DMRS and the second slot is PDSCH with CRS, REs for antenna port 7 are reserved and transmitted on only first slot and REs for port 7 are not reserved in the second slot.
· In cross interleaving case, R-PDCCH with CRS and PDSCH with DMRS are not allowed to collocate on the same PRB pair.

In addition, we see the need to discuss and conclude on the following issue:

· In case that the first slot is R-PDCCH with CRS and the second slot is PDSCH with TM 7 or TM 8, it should be decided whether RN assumes that REs for antenna port 5 for TM 7 and antenna port 7/8 for TM 8 are reserved in the first slot or not 

If it is difficult to agree for each of the above, another option might be not to support R-PDCCH and PDSCH in the same PRB pair in Rel.10.
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