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1
Introduction

In previous meetings, good progress on transmission mode 9 details and control signaling has been achieved. A few open aspects still remain. In RAN1#62bis, it was agreed to support also 1-Tx CSI-RS configurations, however the associated control signaling was left open:
· “When a Rel-10 UE is configured in transmission mode 9, it uses only CSI-RS (1, 2, 4, or 8 CSI-RS ports) for channel estimation for all CSI feedback modes

· It is FFS which DCI format (2C, 1 or 1A) is used in transmission mode 9 when the UE uses only 1 CSI-RS port for channel estimation for all CSI feedback modes and antenna port 7 for demodulation“
Other open issues relate to the handling of TM9 DCI formats in the case that the CRC is scrambled with SPS C-RNTI, and to whether we need methods schedule URS based transmissions with more compact DCIs than 2C.
In this contribution we provide our views on these open aspects, aiming at finalizing the control signaling for transmission mode 9.
2
DCI formats in case of 1-Tx CSI-RS
Usage of DCI formats 1A and 2C for transmission mode 9 have been agreed. Considering the case of 1-Tx CSI-RS, following problems may be claimed with these DCI formats:
· Format 2C supports two codewords, which obviously will not be needed in 1-Tx case. Hence there is some unnecessary overhead in this case.
· Format 1A supports only the compact resource allocation format, which due to contiguous PRB allocation imposes some limitations to channel dependent scheduling compared to for example resource allocation type 0. Moreover, 1A does not support URS antenna port indication, hence the port would have to be fixed to 7, or possibly configured to either 7 or 8 via higher layers to enable URS-based transmissions with this format for 1-Tx. With such an approach, if the same solution is used to enable URS-based transmissions with a compact format also for other numbers of antenna ports, the transmit diversity fallback mode would be missing.
To address the first issue, one possibility would be to introduce DCI format 1 for TM9 in case of 1-Tx CSI-RS. However, we see this basically as an additional Tx mode intended specifically for the 1-Tx case, which is undesirable especially given that the practical use cases of 1-Tx CSI-RS are not very clear. Also this mode would not be useful for any other number of CSI-RS antenna ports. Hence, there is a risk of introducing an additional Tx mode which would not be used in practice. Obviously, this should be avoided due to related testing and implementation impacts; hence our proposal would be to simply reuse TM9, i.e. DCI formats 1A and 2C for 1-Tx CSI-RS. For the same reasons, our strong recommendation would be to also make TM9 as widely applicable as possible.
Proposal: DCI formats 1A and 2C are used in TM9 also in case of 1-Tx CSI-RS.

DCI format 2C can be utilized for (better) channel dependent scheduling due to support of non-contiguous resource allocation formats. The main concern compared to utilizing DCI format 1 may be overhead. The payload size difference between DCI formats 1 and 2C is 11 bits, which leads to less than 1 dB coverage difference as shown in Figure 1, so this does not seem like a big problem. It is noted that for coverage-limited case one should anyway rather utilize the compact format due to its smaller payload size.
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Figure 1. Performance of DCI format 1 (47 bits) vs. DCI format 2C (58 bits) at 10 MHz bandwidth for 1x2 antenna configuration
Since the UE anyway will know if CSI-RS are configured only for 1-Tx, and hence if only one codeword transmission is possible, we would propose to fix the extra bits corresponding to the second codeword by the specification in case of 1-Tx such that the UE will have the implementation choice to utilize these as a virtual CRC to reduce false positive detections.
Clearly, for 1-Tx it would still be beneficial to provide also the possibility of having a more compact DCI format for this case of one codeword. Moreover, a compact DCI format with the possibility of utilizing URS-based transmissions would provide the following benefits also in other cases than 1-Tx:
· Better support of cell edge UEs with 8 Tx antennas. Currently TM9 does not have any means to support robust precoded rank 1 transmissions to cell edge UEs as the high overhead DCI format 2C would have to be utilized, in which case PDCCH may become the performance bottleneck. Thus a low overhead DCI format with support of URS-based transmissions will be beneficial here. It is noted that for 2-Tx and 4-Tx cases, Tx mode 6 is available for robust cell edge performance, but for 8-Tx nothing has been defined so far.

· Supporting compact grant for MU-MIMO purposes ‎[1]
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‎[2]. In spatially correlated scenarios with most UEs reporting rank 1, good spatial separation may allow a high number of UEs to be spatially multiplexed. In such cases there is motivation to have a low overhead DCI format with URS antenna port indication signaling.

Hence in order to provide both 1-Tx support with URS, and to make TM9 cover more use cases, the compact DCI format should support both URS-based transmission as well as the fallback to transmit diversity for robust operation. For this, we would propose to modify DCI format 1A by adding two explicit bits for signaling of transmission scheme, i.e. TX diversity or URS-based transmission. In order to not increase blind decoding attempts and to keep backwards compatibility for broadcast PDCCH signaling, this modification would be done only for the case when the PDCCH is transmitted in UE-specific search space, and also the size of DCI format 0 would be increased accordingly (with padding bits as specified already in Release 8). An example of this signaling is shown in Table 1. It is noted that similarly to the case of adding the CIF bits, there will be an uncertainty about DCI format 1A size during Tx mode reconfigurations. Solutions similar to CIF apply here, for example DCI format 1A transmitted in the common search space may be utilized as the fallback solution, or the eNB may choose to transmit PDCCH with both formats during the transition period.
Table 1. Possible additional bits to DCI format 1A to indicate usage of Tx diversity or URS-based transmissions.

	Value
	Message

	0
	TX diversity

	1
	Port 7, n_SCID = 0

	2
	Port 8, n_SCID = 0

	3
	Port 7, n_SCID = 1


As distributed allocation has less use in case of URS-based transmissions, one might also reuse the localized/distributed VRB assignment bit in DCI format 1A. This would allow even a bit better flexibility for the transmission mode as both ports 7 and 8 with both scrambling sequences become available, see Table 2.
Table 2. Signaling with reuse of localized/distributed VRB assignment bit, i.e. only 2 additional bits are still needed.
	Value
	Message

	0
	TX diversity, localized assignment

	1
	TX diversity, distributed assignment

	2
	Port 7, n_SCID = 0, localized assignment

	3
	Port 8, n_SCID = 0, localized assignment

	4
	Port 7, n_SCID = 1, localized assignment

	5
	Port 8, n_SCID = 1, localized assignment

	6
	Reserved

	7
	Reserved


These obvious and straightforward modifications would maximize the potential and usefulness of the new Tx mode as it is then possible to support many different use cases with the same signaling, including the case of 1-Tx CSI-RS. At the same time, it minimizes the need to introduce any new transmission modes in later releases, for example for improved support of cell edge UEs or for MU-MIMO purposes ‎[2]. It is emphasized that keeping the number of different transmission modes low is very much desirable from both UE and eNB implementation point of view.
Proposal: DCI format 1A transmitted in UE search space, in addition to transmit diversity, supports single URS antenna port transmission. The URS antenna port and scrambling ID are explicitly signalled to the UE in 1A.
The transmission mode definition becomes then as shown in Table 3.
Table 3. Proposed transmission mode definition when PDCCH CRC is scrambled by C-RNTI.

	Transmission Mode
	DCI Format
	Search Space
	PDSCH Transmission Scheme

	Mode 9
	DCI format 1A
	Common by C-RNTI

	If the number of PBCH antenna ports is one: Single-antenna port, port 0 is used, otherwise Transmit diversity 

	
	
	UE specific by C-RNTI
	If the number of PBCH antenna ports is one: Single-antenna port, port 0 is used, otherwise Transmit diversity or Single-antenna port 7 or 8

	
	DCI format 2C
	UE specific by C-RNTI
	Multiple layer transmission; ports {7, 8, 9, 10, 11, 12, 13, 14} or single-antenna port: port 7 or 8


3
DCI formats for SPS
So far the discussion on DCI formats has focused on the normal case i.e. in which the PDCCH CRC is scrambled by C-RNTI. However the case of SPS C-RNTI should be considered as well to complete the specification:
· For DCI format 1A in common search space, there is no difference to for example transmission mode 8 and hence the straightforward solution is to simply copy TM8 as there does not seem to be any reason to deviate from this approach. Hence in this case single antenna port transmission based on port 7 would be utilized.
· For DCI format 1A in UE-specific search space, above we have proposed to introduce two additional bits for selecting the transmission scheme. As there does not seem to be any reason to not use both options also in case of SPS C-RNTI, we propose that the switch may be utilized also in case of SPS.
· For DCI format 2C in UE-specific search space, again there does not seem to be any reason to deviate from the approach selected in transmission mode 8, i.e. single-antenna port 7 or 8 is utilized.
With these, we end up with Tx mode definition shown in Table 4.

Table 4. Proposed transmission mode definition when PDCCH CRC is scrambled by SPS C-RNTI.
	Transmission Mode
	DCI Format
	Search Space
	PDSCH Transmission Scheme

	Mode 9
	DCI format 1A
	Common by C-RNTI

	Single-antenna port; port 7 

	
	
	UE specific by C-RNTI
	If the number of PBCH antenna ports is one: single-antenna port, port 0 is used, otherwise Transmit diversity or Single-antenna port 7 or 8

	
	DCI format 2C
	UE specific by C-RNTI
	Single-antenna port; port 7 or 8


4
Conclusions

In this contribution we discussed the remaining details of DCI formats in TM9. It was emphasized that the case of 1-Tx CSI-RS does not justify a new Tx mode with different DCI formats, but can be efficiently supported within TM9 with small changes to DCI format 1A. As a side product, a few other important features become included in TM9, e.g. robust support of cell edge operation and low overhead DCI for MU-MIMO. Our proposals are:
Proposal: DCI formats 1A and 2C are used in TM9 also in case of 1-Tx CSI-RS.

Proposal: DCI format 1A transmitted in UE search space, in addition to transmit diversity, supports single URS antenna port transmission. The URS antenna port and scrambling ID are explicitly signalled to the UE in 1A.
Moreover we discussed the case of SPS, which was proposed to follow the approach taken in TM8 with the exception that DCI format 1A transmitted in UE-specific search space would allow both TX diversity and URS-based transmissions.

Then the transmission mode definitions become as shown in Table 3 and Table 4.
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