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Discussion and decision 
1 Introduction 
In the last meeting, the details of the transmission schemes and quasi co-location assumptions for PDSCH scheduled by DCI format 1A in TM10 were discussed. There were two way forwards discussed [1]

 REF _Ref339208038 \n \h 
[2], but no agreement was reached: 

Proposals from R1-124573 [1]:

· PDSCH scheduled by PDCCH DCI format 1A in TM10 is demodulated (using same phase reference as TM9) on

· Non-MBSFN subframes: port 0 or transmit diversity

· MBSFN subframes:          port 7

· PDSCH DMRS received by PDCCH DCI 1A with MBSFN subframes may be assumed as quasi co-located with DL serving-cell CRS wrt {Doppler shift, Doppler spread, Average delay, delay spread}
Proposals from R1-124641 [2]:
· Quasi co-location behavior B applies to a PDSCH scheduled by DCI format 1A in TM10:

· The UE may assume quasi co-location between the DMRS and a semi-statically signaled CSI-RS resource index if PDSCH is demodulated by DMRS.

· PDSCH mapping for all the PRBs of a PDSCH scheduled in TM10 by DCI format 1A:

· PDSCH mapping follows the Rel-8 mapping around the serving cell’s CRS.

· PDSCH is mapped around the default ZP CSI-RS configuration of the UE.

· Transmission scheme for a PDSCH scheduled by DCI format 1A:

· CSS: TxD and port 0

· UESS normal subframe: port 7

· UESS MBSFN subframe: port 7

The first way forward (R1-124573) proposed that the transmission scheme and the quasi co-location assumption for the PDSCH scheduled by DCI format 1A should follow that of TM9; whereas the second way forward (R1-124641) proposed modify the transmission scheme such that port 7 is assumed if the PDCCH/EPDCCH is transmitted in the UESS regardless of whether the subframe is a normal subframe or an MBSFN subframe. TxD/port 0 is the transmission scheme only if the PDCCH is transmitted in the CSS.  Furthermore, for DM-RS based demodulation, Behaviour B (quasi co-location with a higher layer configured CSI-RS resource) applies. 

On the rate matching assumption for the PDSCH scheduled by DCI format 1A, the following was also agreed in the last meeting:

One ZP CSI-RS configuration is identified by higher layer signalling as the ZP-CSI-RS configuration that the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· If only one ZP CSI-RS configuration is configured for the UE, it is assumed by the UE for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10
In this contribution, we present our views on the remaining issues for DCI format 1A of TM10.

2 Transmission scheme and quasi co-location assumption for PDSCH scheduled by DCI format 1A of TM10
In this section, we present our views on the pros and cons of each WFs [1]
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 \* MERGEFORMAT [2] and present a possible way forward to resolve this issue.
The main advantage of [1] is that the behaviour for DCI format 1A of TM9 is reused for that of TM10, and thus could reduce slightly the specification effort. The role of the DCI format 1A as the fallback format is also unaffected. However, as TM10 is designed for CoMP, it is worth examining further the implication on the operation of CoMP with complete reuse of the TM9 behaviour. 
As the DCI 1A PDSCH is always assumed QCL-ed with the serving cell CRS, the PDSCH should be transmitted from all TPs that transmit CRS. One implication is that for CoMP scenario 4, the DCI 1A PDSCHs for each UE have to be transmitted on orthogonal resources as shown in Figure 2‑1. In other words, it would be difficult to obtain area splitting gain for CoMP scenario 4 with DCI format 1A although it is still possible with DCI format 2D. This limits the potential capacity of PDSCH.

Observation 1: Reusing TM9’s DCI format 1A’s transmission scheme and QCL assumption for TM10 results in loss of area splitting gain for PDSCH scheduled by DCI format 1A in CoMP scenario 4.
The WF in [2] allows DCI 1A PDSCH to only be QCL-ed with a local TP’s CSI-RS resources, providing area splitting gain in the case of CoMP scenario 4 for DCI 1A PDSCH. This is illustrated in Figure 2‑2. The WF in [2] also proposed that TxD or port 0 transmission scheme is supported only in the CSS of PDCCH. Note that there is configuration ambiguity in the UE from the network’s perspective during the RRC configuration modification period. When a UE is RRC being reconfigured from one of TM1-9 to TM10 or vice versa, the network could only communicate with the UE using DCI format 1A in the CSS of PDCCH since the network cannot be certain which transmission scheme and QCL behaviour the UE would assume if the DCI format 1A is transmitted in the UESS of the PDCCH. If the UE is being reconfigured to TM10, and the previous configuration is one of TM1-8, the network also cannot transmit DCI format 1A on the CSS of MBSFN subframes; hence in the worst case, the WF in [2] limits the PDCCH region available for fallback transmission scheduling to only the CSS of the normal subframes.  This can result in severe overloading of the CSS especially since the aggregation level of 4 or 8 must be used for CSS even though smaller aggregation levels of 1 or 2 is likely to be sufficient as the UE is close to a local TP as shown in Figure 2‑2. 
Observation 2: Using only the CSS of the PDCCH for scheduling fallback transmission as proposed in [2] can result in severe overloading of CSS. In the worst case, only the CSS of the normal subframes are available to the network for scheduling the fallback transmission. It could severely limit the scheduling opportunity of fallback transmission.
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Figure 2‑1: PDSCHs scheduled by DCI format 1A for each UE is orthogonal for CoMP scenario 4 according to [1]
[image: image2.png]——>  PDSCH scheduled by DCI format 1A from a local TP




Figure 2‑2: Area splitting gain for PDSCH scheduled by DCI format 1A in CoMP scenario 4 if QCL with a higher layer configured CSI-RS resource is supported 

A simple way to obtain area splitting gain for DCI 1A PDSCH and at the same time not restricting the fallback transmission scheduling is as shown in Table 1. Basically, the MBSFN subframes are used to achieve the area splitting gain for DCI format 1A for TM10 in CoMP scenario 4, while the normal subframes are still reserved for fallback transmission as in Rel-8/9/10. The disadvantages of [1] [2] are avoided while keeping the main benefits of each WF. 
The discussion so far has been limited to PDSCH corresponding to PDCCH with CRC scrambled by C-RNTI with DCI format 1A. For PDSCH corresponding to PDCCH with CRC scrambled by SPS C-RNTI with DCI format 1A, there has been no support for fallback transmission in previous releases since the transmission scheme is dependent on the transmission mode configured. It is proposed for TM10, the transmission scheme for PDSCH scheduled by DCI format 1A remains as Port 7 transmission scheme as in TM9, but port 7 is assumed QCL-ed with a higher layer configured CSI-RS resource, which can be the same as that applicable in Table 1 (see Table 2). In this way, area splitting gain can also be obtained for SPS transmission in CoMP scenario 4.
A summary of pros and cons comparing the three approaches is given in Table 3. 
Table 1: Proposed transmission scheme and QCL behaviour for DCI format 1A in TM10 (CRC scrambled by C-RNTI)
	Case
	Location of DCI format 1A
	Transmission scheme for the corresponding PDSCH
	Quasi co-location assumption for the corresponding PDSCH
	Comment

	1
	PDCCH (CSS and UESS) or EPDCCH (UESS) in Normal subframe 
	Port 0 or TxD
	CRS of the serving cell
	Fallback

	2
	PDCCH (CSS and UESS) or EPDCCH (UESS) in MBSFN subframe
	Port 7
	Higher layer configured CSI-RS resource
	Area splitting gain can be obtained for DCI format 1A


Table 2: Proposed transmission scheme and QCL behaviour for DCI format 1A in TM10 (CRC scrambled by SPS C-RNTI)

	Case
	Location of DCI format 1A
	Transmission scheme for the corresponding PDSCH
	Quasi co-location assumption for the corresponding PDSCH
	Comment

	1
	PDCCH (CSS and UESS) or EPDCCH (UESS) in Normal subframe or in MBSFN subframe
	Port 7
	Higher layer configured CSI-RS resource
	Area splitting gain can be obtained for DCI format 1A


Table 3: Summary of pros and cons

	Way forward
	Pros
	Cons

	R1-124573 [1]
	Reuse of TM9 behaviour.

Fallback scheduling flexibility of DCI format 1A maintained.

Less specification effort.
	No area splitting for DCI 1A PDSCH for CoMP scenario 4.

	R1-124641 [2]
	Area splitting gain DCI 1A PDSCH for CoMP scenario 4
	Fallback scheduling flexibility of DCI format 1A is compromised.
Only PDCCH aggregation level 4 and 8 can be used for scheduling fallback transmission. 

During RRC reconfiguration period, the network may only use the CSS of normal subframes for scheduling PDSCH, which may lead to over-loading of CSS.
More specification effort.

	Table 1
	Fallback scheduling flexibility of DCI format 1A maintained.

Area splitting gain DCI 1A PDSCH for CoMP scenario 4
	Slightly more specification effort.


3 Conclusions
In this contribution, we discuss the remaining details of the transmission schemes and quasi co-location assumptions for PDSCH scheduled by DCI format 1A in TM10. Summary of our observations and proposal are given below.
Observation 1: Reusing TM9’s DCI format 1A’s transmission scheme and QCL assumption for TM10 results in loss of area splitting gain for PDSCH scheduled by DCI format 1A in CoMP scenario 4.
Observation 2: Using only the CSS of the PDCCH for scheduling fallback transmission as proposed in [2] can result in severe overloading of CSS. In the worst case, only the CSS of the normal subframes are available to the network for scheduling the fallback transmission. It could severely limit the scheduling opportunity of fallback transmission.
Proposal 1: Transmission scheme and QCL behaviour for DCI format 1A in TM10 (CRC scrambled by C-RNTI)
	Case
	Location of DCI format 1A
	Transmission scheme for the corresponding PDSCH
	Quasi co-location assumption for the corresponding PDSCH
	Comment

	1
	PDCCH (CSS and UESS) or EPDCCH (UESS) in Normal subframe 
	Port 0 or TxD
	CRS of the serving cell
	Fallback

	2
	PDCCH (CSS and UESS) or EPDCCH (UESS) in MBSFN subframe
	Port 7
	Higher layer configured CSI-RS resource
	Area splitting gain can be obtained for DCI format 1A


Proposal 2: Transmission scheme and QCL behaviour for DCI format 1A in TM10 (CRC scrambled by SPS C-RNTI)
	Case
	Location of DCI format 1A
	Transmission scheme for the corresponding PDSCH
	Quasi co-location assumption for the corresponding PDSCH
	Comment

	1
	PDCCH (CSS and UESS) or EPDCCH (UESS) in Normal subframe or in MBSFN subframe
	Port 7
	Higher layer configured CSI-RS resource
	Area splitting gain can be obtained for DCI format 1A


Note that the same higher layer configured CSI-RS resource is applicable for Proposal 1 and Proposal 2.
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