


[bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG-RAN WG1#85	R1-165105
Nanjing, China 23rd - 27th May 2016

Source:	Ericsson
[bookmark: Title]Title:	Clarification of OCC=2 and OCC=4 MU-MIMO Transmission 
[bookmark: Source]Agenda Item:	6.1.4
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
As discussed in RAN1#84, the current specification is not clear on how to interpret when a UE is scheduled with OCC=2 DMRS for MU-MIMO.  During the discussion, it was agreed [1] that to allow eNB to coschedule an MU-MIMO UE with an OCC=2 DMRS with UEs using OCC=4 DMRSs, since this allows greater cell capacity than if only one OCC=2 DMRS UE could be cosheduled:
Conclusion:
Multiplexing Rel-13 UEs with OCC=2 and OCC=4 from eNB perspective should not be prevented by the specifications
Subsequent discussions in RAN1#84b focused on UE receiver impacts, leading to the following conclusion [2]:
Conclusion: Views from UE vendors are invited until RAN1#85 – revisit at RAN1#85.
In this contribution, we review the motivations for mixed OCC=2 and OCC=4 coscheduling, discussions on UE receiver impacts, as well as what is currently specified with respect to mixed OCC scheduling.  
[bookmark: _Ref426729914]Receiver Behavior with OCC=2 and 3 Layer MU-MIMO
Given discussions in the last two meetings, the fundamental question now seems to be how a UE behaves when scheduled with OCC=2.  As discussed in [3] and in RAN1#85, at least in some cases, a UE can use one receiver independently of if it is scheduled with mixed OCC=2 and OCC=4 or if it is scheduled only with OCC=2 (or perhaps even if it is only scheduled with OCC=4 as well).  On the other hand, it is possible that the throughput is degraded in relevant scenarios and receiver assumptions when scheduled with mixed OCC=2 and OCC=4 as compared to when only OCC=2 and OCC=2 are coscheduled.  These considerations led to the RAN1#85 conclusion above seeking views from UE vendors.
There are then two sets of possibilities and implications:
1. In certain conditions, mixed OCC=2 and OCC=4 has worse performance than when the UE assumes that only OCC=2 and OCC=2 are coscheduled.  In such cases, the network can configure the UE to use the Rel-12 table (that does not have OCC=4), or it can dynamically schedule the UE with OCC=4.  Then if OCC=4 coscheduled with OCC=4 has worse performance than OCC=2 and OCC=2 coscheduling, only semi-statically configuring the UE with the Rel-12 DMRS table is possible.  
2. Presuming that mixed OCC=2 and OCC=4 has good performance, then 3 MU-MIMO layers can be coscheduled when one of them is scheduled with OCC=2.  If channel conditions are supportive of 3 layers, the throughput is clearly higher with 3 layers than if 2 MU-MIMO layers are scheduled with OCC=2.  
On the other hand, a UE scheduled with OCC=4 can be coscheduled with 3 MU-MIMO layers as well.  Such a UE would have to blindly detect up to 3 interferers, rather than 2 as when it is coscheduled with mixed OCC=2 and OCC=4.  The blind detection performance of 3 interferers is naturally less accurate than 2 interferers, although if this performance difference is significant is unclear without evaluations.  However, if only OCC=4 coscheduling is used, then there is no need for the OCC=2 codepoints in the Rel-13 DMRS table.  So the argument that OCC=4 codepoints can supplant the need for mixed OCC=2 and OCC=4 transmission does not make sense without reverting prior agreeements to include OCC=2 in the Rel-13 table.
We then make the following observations:
Observations:
· Given the presence of OCC=2 codepoints in the Rel-13 table, the decision on whether mixed OCC=2 and OCC=4 coscheduling is supported should not assume that mixed OCC=2 and OCC=4 is supported using  the OCC=4 codepoints.
· Otherwise, there is no need for the OCC=2 codepoints in the Rel-13 DMRS table.
· If it can’t be assumed that supporting mixed OCC=2 and OCC=4 coscheduling has sufficiently good performance, then configuring the UE with the Rel-12 DMRS table can solve the problem presuming that the performance does not vary too rapidly.
· Overall, the need for dynamic OCC=2 only coscheduling is a tradeoff between the likelihood of poor reception for a given UE and channel conditions vs. the capacity gains of 3 layer MU-MIMO transmission.
[bookmark: _Ref447104540]Specification Clarifications

The current specification reads as shown below without the red underlined text.  At present, it is not clear what the UE does when it is configured with the Rel-13 DMRS table that allows OCC=2 and OCC=4 transmission, since the text does not identify what to do when the UE is configured with the new table dmrs-tableAlt, and codepoints with OCC=2 and transmission on an antenna port .  Therefore some text is needed to specify UE behavior for single layer MU-MIMO transmission when OCC=2 in the new table is scheduled.


One possibility is to reuse the existing text for ports 7,8 with OCC=2 in the new table.  That is, when single port transmission is scheduled for a UE on antenna port , the UE cannot assume that the other antenna port in the set  is not associated with transmission of PDSCH to another UE.  This text only allows a UE to assume 2 MU-MIMO layers are coscheduled, since there are only two ports (7 or 8) with OCC=2.  If the eNB co-schedules, say ports 7,8, and 13, the UE may not assume that port 13 is scheduled with MU-MIMO.  This does not limit eNB behavior only if port 13 is completely equivalent to port 8, but as discussed in [3], this is not the case.  Furthermore, it makes little sense to say that a UE scheduled with port 7 cannot assume that port 8 is not associated with transmission of PDSCH to another UE,  if it is really meant that the UE cannot assume that ports {8,13} are not associated with transmission of PDSCH to another UE. 
	[bookmark: _Toc415085445]7.1.1	Single-antenna port scheme
For the single-antenna port transmission schemes (port 0/5/7/8/11/13) of the PDSCH, the UE may assume that an eNB transmission on the PDSCH would be performed according to subclause 6.3.4.1 of [3].


If the UE is not configured with higher layer parameter dmrs-tableAlt, and in case an antenna port  is used, the UE cannot assume that the other antenna port in the set  is not associated with transmission of PDSCH to another UE. 


If the UE is configured with higher layer parameter dmrs-tableAlt, and in case an antenna port  corresponding to one codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used

- If antenna port 7 is used, UE cannot assume that an antenna port in the set  is not associated with transmission of PDSCH to another UE

- If antenna port 8 is used, the UE cannot assume that an antenna port in the set  is not associated with transmission of PDSCH to another UE  



If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on antenna port  corresponding to one codeword values 5-11 in Table 5.3.3.1.5C-2 [4]  is used, the UE cannot assume that the other antenna ports in the set  is not associated with transmission of PDSCH to another UE.



Observations:
· The current specification does not identify UE behavior for 2 layer MU-MIMO transmission with OCC=2, and so requires correction.
· In order to not prevent eNB from multiplexing Rel-13 UEs with OCC=2 and OCC=4, it is necessary to specify UE behaviour when port 7 is coscheduled with ports 8,13 and when port 8 is coscheduled with ports 7,11.
Conclusion
In this contribution, we reviewed the discussions on UE receiver impacts as well as what is currently specified with respect to mixed OCC scheduling.  The fundamental question addressed is how a UE behaves when scheduled with OCC=2, and whether the gain from 3 MU-MIMO layer transmission for UEs scheduled with OCC=2 can be obtained given UE implementation.  As shown by the agreement in RAN1#84 below [1], it is desirable to support mixed OCC=2 and OCC=4 transmission.  
Conclusion:
Multiplexing Rel-13 UEs with OCC=2 and OCC=4 from eNB perspective should not be prevented by the specifications
However, it is not reasonable to insist on implementing this agreement if UE performance is a significant concern with mixed OCC=2 and OCC=4 given UE implementation.  Therefore, we make the following proposal:
Proposal:
· Clarify the specification of OCC=2 codepoints to either support OCC=2 only coscheduling or mixed OCC=2 and OCC=4  coscheduling.
· Support mixed OCC=2 and OCC=4 transmission on ports 7, 8, 11, and 13 unless there is consensus among UE vendors that performance is a significant concern given UE implementation, considering that the Rel-12 table is also available.
· Specify UE behaviour as proposed in the first correction shown in section 3, and in the corresponding CR [4].
· Otherwise, specify UE behavior to support OCC=2 only coscheduling on ports 7 and 8, as proposed in [5].
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