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1
Introduction
At RAN1#70bis it was agreed that a new DCI format, DCI format 2D, would be introduced for TM10 to add support for dynamic signaling of rate matching and quasi-co-location (RM/QCL) assumptions.  In this contribution we propose how to perform this signaling in an efficient way while minimizing the additional payload that needs to be carried.  
2
Discussion
At RAN1#70bis it was agreed that four rate matching and quasi-co-location states can be configured through RRC signaling.  The new DCI format 2D adds support to dynamically switch among these states and inform the UE which of these four states should be used in a given subframe.  We refer to the one or more bits that will be added for this purpose as “RM/QCL bits.”

Two design alternatives were discussed at the last meeting but no agreement was reached: 
· Alt-1: Add one RM/QCL bit and use it in combination with nSCID.  

· Alt-2: Add two RM/QCL bits. 

2.1
Comparison of Alt-1 and Alt-2
It is an established design principle to minimize the payload carried as DCI as much as possible in order to prevent undesired impact on control coverage.  In CoMP, this principle is of particular importance because CoMP targets cell-edge UEs which often experience poor control channel SINR.  From this perspective, Alt-1 is clearly preferable.  To justify Alt-2, it would have to provide a significant amount of additional flexibility to warrant the additional payload impact. 

Observation 1: 

· Adding only one RM/QCL bit is highly preferable from a coverage perspective, especially for CoMP UEs at cell-edge. 
A perceived benefit of Alt-2 is that it decouples the RM/QCL bits from the nSCID bit, which is already present in DCI format 2C.  This implies that the selection of the virtual cell ID (VCID) can be performed independently of the selection of the RM/QCL state.  However, it is unclear whether such decoupling has any use case as both the switching of VCIDs and the dynamic signaling of RM/QCL target improved DPS performance.  In fact, this similarity has previously served as a motivation for several companies to propose using only nSCID for the switching of RM/QCL states [1]. 
An implication of using the nSCID bit is that for rank-3 or above, dynamic switching can only be performed among two states (as nSCID is fixed to zero for rank-3 or above).  However, this should be not be perceived as a drawback of Alt-1.  On the contrary, it is unlikely that UEs which see channel conditions that are favorable enough to allow for such high-rank transmission would benefit from dynamically switching among more than two RM/QCL states.  In fact, such UEs would presumably not perform any form of DPS operation.  In this context, Alt-1 has the clear benefit that only one additional bit can be used in this case while Alt-2 would introduce two new bits even in cases where they are not needed.  

Further, it is important to note that while up to four RM/QCL states can be configured, the far more typical use case is that only one or two such states are configured.  In these cases, the one bit introduced in Alt-1 suffices for dynamic indication while completely avoiding any linkage with nSCID.  A detailed signaling proposal that demonstrates this benefit is discussed in the next section.  In this scenario, Alt-1 performs strictly better than Alt-2 which would waste one additional bit regardless of how many RM/QCL states are configured.  
Observation 2: 

· When only one or two RM/QCL states are configured, Alt-1 performs strictly better than Alt-2 in terms of overhead while providing the same amount of flexibility. 
Proposal 1: 

· Adopt Alt-1 (i.e., introduce a single new RM/QCL bit) for DCI format 2D.  
2.2
Signaling details for Alt-1 
An important characteristics of Alt-1 is that it provides the same amount of flexibility as Alt-2 when one or two RM/QCL states are configured.  In fact, in these cases, introducing one new bit clearly suffices to perform the signaling without a need to take nSCID into account.  Joint indication with nSCID is only needed if three or four RM/QCL states are configured. 

A signaling proposal that leverages this benefit is shown in Table 1.  It illustrates a mapping which associates each bit combination of Alt-1 (i.e., consisting of one new RM/QCL bit and nSCID) with one configured RM/QCL state.  It is important to note that this mapping depends on the number of configured RM/QCL states: 
· If one RM/QCL state is configured, no dynamic indication is needed.  In this case, the operation of nSCID is left unchanged.  In Table 1 it is assumed that one setting of the new RM/QCL state is defined as invalid; that way it can be used as a virtual CRC check to determine the validity of DCI decoding. 

· If two RM/QCL states are configured, the single RM/QCL bit determines which of the two RM/QCL states is selected.  Table 1 illustrates that in this case there is no linkage with nSCID as the RM/QCL state is determined solely based on the single RM/QCL bit. 

· If more than two RM/QCL states are configured, joint signaling of the new bit and nSCID determines the RM/QCL state. 

Table 1: Dynamic signaling of RM/QCL states (depending on the number of configured RM/QCL states)
	RM/QCL bit (1bit)
	nSCID
	Number of configured RM/QCL states

	
	
	1
	2
	3
	4

	0
	0
	RM/QCL state 1
	RM/QCL state 1
	RM/QCL state 1
	RM/QCL state 1

	0
	1
	RM/QCL state 1
	RM/QCL state 1
	RM/QCL state 1
	RM/QCL state 2

	1
	0
	Invalid
	RM/QCL state 2
	RM/QCL state 2
	RM/QCL state 3

	1
	1
	Invalid
	RM/QCL state 2
	RM/QCL state 3
	RM/QCL state 4


Proposal 2: 
· The dynamic signaling of RM/QCL assumption should depend on the number of configured RM/QCL states, e.g., as illustrated in Table 1.  
3
Conclusion

Comparison of Alt-1 vs. Alt-2

· Adding only one RM/QCL bit is highly preferable from a coverage perspective, especially for CoMP UEs at cell-edge. 

· When only one or two RM/QCL states are configured, Alt-1 performs strictly better than Alt-2 in terms of overhead while providing the same amount of flexibility. 

· Adopt Alt-1 (i.e., introduce a single new bit) for DCI format 2D.  

Signaling details for Alt-1

· The dynamic signaling of RM/QCL assumption should depend on the number of configured RM/QCL states, e.g., as illustrated in Table 1.  
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