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1
Introduction

TR36.819 [1] lists the downlink signaling that is needed to support CoMP operation. During RAN1#66bis, the control signaling content was discussed and the only agreement was to continue discussion on the signaling requirements of the CoMP framework in RAN1#67. In subsequent meetings the topic was not discussed.
Now as Release 11 is nearing its completion, also the details of transmission mode and DCI content should be agreed. In this contribution we provide our views on transmission mode and downlink control signaling content for Release 11, supporting both CoMP as well as new carrier type. 
2
Transmission mode impacts
For CoMP and other Release 11 features a new transmission mode may need to be specified though it would in principle be also possible that transmission mode 9 is reused with additional functionality. If a new transmission mode is specified, there should be only a single new transmission mode that is clearly differentiated against TM9 and that provides support for all Release 11 features not directly supported by TM9. 
Transmission mode 9 is based on DCI formats 1A and 2C. While DCI format 2C can be used to schedule UE-specific RS –based transmissions, DCI format 1A is used for scheduling CRS-based transmissions, except in MBSFN subframes in which the single antenna port 7 is used. In terms of CSI feedback, it has been defined that UE shall always derive channel measurements for CQI purposes using CSI-RS except when not configured with PMI/RI reporting in which case the measurements are based on CRS. Interference measurements, while unspecified, are currently implicitly assumed in RAN4 performance requirements to be always based on CRS. Hence potential modifications could be identified due to (at least) following aspects:
· Modifications to DCI content

· Potential additions to DCI format 2C

· Potential modifications to DCI format 1A e.g. due to new carrier type

· Reference for channel and interference measurements for CSI reporting
In the following we discuss these and whether they warrant specifying a new transmission mode.

2.1
Modifications to DCI content

We treat here separately the transmission mode –dependent DCI format and the compact DCI format. It seems natural to take the transmission mode 9 DCI formats 1A and 2C as the baseline and see which modifications are potentially needed.
Transmission mode –dependent DCI format

As mentioned, DCI format 2C is obviously taken as the baseline for the transmission mode – dependent DCI format. The main changes possibly required to DCI format 2C are related to the joint indication of antenna port(s), scrambling identity and number of transmission layers, as well as to the possible dynamic signaling of CRS shifts in CoMP context.
Regarding the joint indication of antenna port(s), scrambling identity and number of transmission layers, in RAN1#68bis the following working assumption was made:

· “For the DMRS sequence initialization

· Two candidate values of X are configured: x(0) and x(1)

· 
nSCID is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

· Note that nSCID equals to 0 for the rank larger than 2

· Further study is not precluded for the optimization for the higher rank

· Further study is not precluded for the dynamic selection of x(0) or x(1)

· 
Further study is not precluded for the dynamic switching or semi-static switching of subframe offset (ns)”

Looking at the DCI format definition in TS 36.212, in fact it seems that due to this feature the DCI format itself may not need to be changed as the main change is regarding the interpretation of nSCID which is in fact specified in TS 36.211. Hence from this perspective it may be enough to modify TS 36.211 accordingly and leave DCI format 2C as it is.
In [1] we have discussed methods for dynamic signaling of CRS parameters to the UE for proper PDSCH rate matching in order to avoid excessive overhead in joint transmission and dynamic point selection –based transmissions. Our assumption is that each CSI-RS resource configured to the UE would need to be associated with CRS parameters such as CRS frequency shift, number of CRS ports, MBSFN subframe configuration, etc. This information is configured to the UE via RRC during (re)configuration of the multiple CSI-RS resources. As has been discussed in numerous contributions earlier, without this information the UE will not be able to rate match the PDSCH transmission correctly around the CRS that also need to be transmitted from the transmitting points (CSI-RS resources). Hence the PDSCH would be punctured, implying a catastrophic performance loss as seen for instance during the Release 10 CSI-RS puncturing studies. 
However, only semi-static information about the CRS that need to be rate matched around would lead to an excessive CRS overhead, and hence significantly reduce the gains of CoMP. The actual needed CRS overhead depends on scheduling, for example in case of dynamic point selection only the CRS associated with the transmitting point need to be rate matched around. Hence, it would be clearly beneficial to include this information in the DCI due to the dynamic nature of CoMP scheduling.

It is noted that CoMP is to be designed to operate in all types of scenarios, e.g. in all scenarios from scenario 1 to scenario 4. In scenario 4 the issue of CRS shifts can be completely avoided, and in principle in other scenarios it could be left for the network implementation to enable CoMP only with aligned CRS shifts. However, it is not clear how such an artificial restriction could be enforced in practice, or whether the UE could still in fact assume same shifts in implementation. It seems simpler to specify the signaling such that the UE knows exactly what kind of resource mapping and rate matching should be assumed for PDSCH. Of course this also further optimizes overhead, and actually enables CoMP to be used in all scenarios. Furthermore, as will be subsequently discussed, the same signaling could be used to inform the UE about the timing reference to be used in demodulation.

Another problem in CoMP is that the UE may not be aware of the transmitting points (CSI-RS resources). As has been discussed in [2]
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[3], UE should be aware of the large-scale properties of the channel, especially timing as otherwise significant performance losses may be implied. Since estimating all the required large-scale properties at PRB level based on UE-specific RS may in fact be infeasible, UE should be informed of the reference CSI-RS resource that can be assumed for estimating these properties, hence introducing a linkage between CSI-RS resource and DM-RS for demodulation. Hence the UE would estimate the large-scale properties from CSI-RS and then based on the signaling assume one of the estimated sets of large-scale properties in the demodulation, i.e. effectively assume UE-specific RS quasi-colocated [3] with the signalled reference CSI-RS resource.
Hence we observe that both for the PDSCH rate matching issue and for the antenna colocation issue, the UE should be informed about a reference CSI-RS resource.
Observations:

· UE needs to be informed in DCI about CRS shifts and related PDSCH rate matching.

· Enable CoMP in all scenarios without significant overhead issues.
· UE also needs to be informed in DCI about the CSI-RS resource which the UE may assume quasi-colocated with the UE-specific RS used for demodulation.
· Avoid potentially significant loss due to having to rely on UE-specific RS in estimation of large-scale properties of the channel.

Hence we have the following proposal:
Proposal:
· Introduce a CSI-RS resource reference indicator in the transmission mode –dependent DCI format.

· Used for PDSCH rate matching and for determining which CSI-RS resource(s) should be assumed quasi-colocated with UE-specific RS used for demodulation.
· To enable the rate matching, each CSI-RS resource needs to be associated with a set of CRS parameters.
· Number of bits and other details FFS.
The signaling details of such a CSI-RS resource reference indicator have already been discussed in [1]. As it is not feasible to signal CSI-RS resource reference per PRB/PRG/subband due to excessive signaling overhead, some most likely signaling states can be used whereas in other cases a fallback state is used. Exemplary signaling is shown in Table 1. In the case of two first states, either CSI-RS resource 1 or 2 is used as the reference directly. Hence the corresponding rate matching (CRS) assumption can be used. Similarly UE-specific RS are then assumed to be quasi-colocated with the reference CSI-RS resource. In the same way with the third state (10) the UE would assume PDSCH rate matching around CRS corresponding to both CSI-RS resources and determine the large-scale channel properties assuming joint transmission from both CSI-RS resources. Finally, the last state follows the principle of Release 8 PMI signaling where frequency-selective PMI is signalled by confirming the PMIs reported by the UE in the latest CSI feedback report on PUSCH. In the same way the transmitting CSI-RS resources can be confirmed for instance based on the latest reported per-CSI-RS resource CQIs. 
It is noted that the presence of such a field in DCI format 2C can be dependent on configuration of multiple CSI-RS resources, similarly to the carrier indicator field being dependent on configuration of cross-carrier scheduling.

Table 1. An example of CSI-RS resource reference indicator of 2 bits, applicable in case of CoMP measurement set size 2.

	State
	CSI-RS resource reference
	Rate matching assumption
	UE assumption about large-scale channel properties used in demodulation

	00
	CSI-RS resource 1
	According to CRS associated with CSI-RS resource 1 (wideband)
	UE-specific RS assumed quasi-colocated with CSI-RS resource 1

	01
	CSI-RS resource 2
	According to CRS associated with CSI-RS resource 2 (wideband)
	UE-specific RS assumed quasi-colocated with CSI-RS resource 2

	10
	CSI-RS resources 1 and 2
	According to CRS associated with both CSI-RS resources 1 and 2 (wideband)
	Large-scale channel properties derived assuming joint transmission from CSI-RS resources 1 and 2

	11
	According to latest CSI feedback on PUSCH
	Per subband, according to CRS associated with CSI-RS resource as assumed transmitting according to the latest CSI feedback report
	Per subband, UE-specific RS assume quasi-colocated with CSI-RS resource as assumed transmitting according to the latest CSI feedback report


Compact DCI format

For the compact DCI format, obviously DCI format 1A remains the baseline choice. Main consideration for Release 11 is new carrier type which will require some changes at least to the interpretation of DCI format 1A as it was already agreed that 

· “New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation”.
In other words, only UE-specific RS –based demodulation will be supported on the new carrier type. Since DCI format 1A currently supports transmit diversity based on CRS, some changes are needed in case scheduling of the NCT with the compact format is allowed. 
Another aspect to be considered is single point transmission using compact DCI format in scenario 4 –type of shared cell ID deployments. In these scenarios it may be beneficial to enable spatial reuse of PDSCH resources also in case the UE needs to be scheduled with the compact DCI format 1A. Hence it may be beneficial to enable UE-specific RS –based transmissions with DCI format 1A also in this case.
Observations:

· Scheduling UE-specific RS –based transmissions with the compact DCI format 1A may be beneficial for:
· New carrier type: Otherwise only DCI format 2C can be used.
· Scenario 4: Otherwise no spatial reuse except with DCI format 2C.
Several options can be identified to address the abovementioned scenarios, for instance:
1) 
Reusing the MBSFN subframe functionality of TM9: In TM9, when UE is scheduled in an MBSFN subframe using DCI format 1A, the used transmission scheme is single antenna port 7 with nSCID=0. Obviously this approach is also applicable on the new carrier type and enables UE-specific RS transmissions with compact DCI format with minimum specification changes. However without other changes, single point fallback transmission using a compact DCI format in shared cell ID scenarios is not supported.
2)
Re-definition of the localized/distributed VRB assignment flag: In case of new carrier type, since only UE-specific RS –based transmissions are utilized, the localized/distributed VRB assignment flag becomes redundant as distributed VRB assignments are not used in context of UE-specific RS. Hence the bit could be used for instance for selecting between antenna ports 7 and 8, or between different scrambling identities. Alternatively, for supporting also the mentioned scenario 4 case, the bit could be re-defined such that localized VRB assignment is associated with UE-specific RS –based transmission whereas distributed VRB assignment is associated with CRS-based Tx diversity. Obviously the latter state would not be applicable to NCT.
3) Introducing explicit signaling of transmission scheme in DCI format 1A: One obvious solution would be also to simply add one bit to DCI format 1A for switching between CRS-based transmission and UE-specific RS –based transmissions. In case of UE-specific RS, the localized/distributed VRB assignment flag can then again be used for switching between antenna ports 7 and 8, while in case of CRS-based transmissions it would be interpreted as currently. Of course, in this case care would have to be taken with respect to matching the size of DCI format 1A with DCI format 0, and the addition could be applicable only when the DCI is transmitted within UE-specific search space.
Currently we do not have a very strong view on which changes are strictly necessary except that enabling compact DCI format usage also for the new carrier type would seem beneficial for reducing DCI overhead and for enabling fallback DCI transmissions also for the new carrier type. The minimum change to make this happen is to specify that when the UE is scheduled with DCI format 1A on new carrier type, the assumed transmission scheme is with single antenna port 7.
Proposal: 
-
Discuss further what additional support to include in DCI format 1A for purposes of new carrier type and shared cell ID scenarios.
-
For instance indication of used antenna port, or a flag for selecting between CRS- or UE-specific RS –based transmissions.
2.2
Other changes
As mentioned, other potential impacts on transmission mode may arise from the reference used for channel and interference measurements for CSI reporting.

In Release 10 it was defined that in TM9, CSI-RS are always used for CSI reporting when UE is configured with PMI/RI reporting, whereas when UE is not configured with PMI/RI reporting, the UE shall rely on CRS. In Release 11 a similar approach could be adopted if a new transmission mode 10 (TM10) is specified: CSI-RS and IMR should then always be used for CSI reporting in that transmission mode.
However, IMR could be handled also without a new transmission mode by simply defining that IMR shall be used for CSI reporting when the UE is configured with IMR. But this approach would seem to decouple IMR from the transmission modes, and it may be simpler from the UE perspective if IMR are only related to a single transmission mode, which could be then transmission mode 10.

Furthermore, the original motivations to introduce IMR were CRS collisions, shared cell ID scenarios and CoMP scenarios where CRS do not reflect the true interference underlying the PDSCH transmission. Moreover, IMR need to be used on the new carrier type. From that perspective it would be worthwhile to consider utilization of IMR also in case the UE is not configured with PMI/RI reporting. Similarly, considering the new carrier type does not carry CRS that can be used for CSI reporting, actually the whole CSI feedback will need to be based on CSI-RS and IMR even when the UE is not configured with PMI/RI reporting. This would mean a new reference transmission scheme for this case, and again it may be simplest if this is captured within a new transmission mode.
Considering the above aspects and the potential changes to DCI formats, we currently slightly prefer specifying a new transmission mode 10 for Release 11 features. 
Proposal: Consider adopting a new transmission mode 10 for Release 11 features.
· Capture the changes to the DCI formats.

· Confine IMR utilization to a single transmission mode – CSI-RS and IMR always assumed for CSI reporting.
· Including the case when UE is not configured with PMI/RI reporting.

3
Conclusions

In this contribution we have discussed Tx mode definitions for Release 11 with the main focus on the DCI content. Regarding the transmission mode –specific DCI format (2C or an extension of it), we have the following proposal:

Proposal:

· Introduce a CSI-RS resource reference indicator in the transmission mode –dependent DCI format.

· Used for PDSCH rate matching and for determining which CSI-RS resource(s) should be assumed quasi-colocated with UE-specific RS used for demodulation.

· To enable the rate matching, each CSI-RS resource needs to be associated with a set of CRS parameters.
· Number of bits and other details FFS.
Regarding the compact DCI format 1A, we identified some motivations to make slight modifications related to new carrier type and shared cell ID scenarios, and listed a few possible approaches. However, currently we do not have a very strong view on which option to specify, hence we propose to continue discussion on this aspect.
Proposal: 
· Further discuss what additional support to include in DCI format 1A for purposes of new carrier type and shared cell ID scenarios.
· For instance indication of used antenna port, or flag for selecting between CRS- or UE-specific RS –based transmissions.

Finally we discussed the CSI reference and its relation to transmission mode. Based on this and the DCI format considerations we currently have a slight preference towards adopting a new transmission mode 10:

Proposal: 
· Consider adopting a new transmission mode 10 for Release 11 features.

· Capture the changes to the DCI formats.
· Confine IMR utilization to a single transmission mode – CSI-RS and IMR always assumed for CSI reporting.

· Including the case when UE is not configured with PMI/RI reporting.
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