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1 Introduction

In RAN1 86bis meeting, fair progress was made on enhancement of beamformed CSI-RS. However, there are some remaining issues need to be addressed [1]: 
· Down select the value for X/Y for MAC CE based activation/release mechanism from (RAN1#87)

· Alt1. X=Y=4 ms

· Alt2. X=Y=8 ms

· Note: For both aperiodic and “multi-shot” CSI-RS
· For DCI signaling to trigger one out of N configurations:
· 3 alternatives are identified:

· Alt1 Reuse A-CSI request field and add more bit(s) if necessary

· Alt2 Reuse CS field

· Alt3 Add ceil(log2(N))-bit or 2-bit DCI field

In this contribution, the remaining details from last meeting are discussed. We provide our views on the design of aperiodic and multi-shot CSI-RS, including DCI signaling and MAC CE timing.
2 DCI signaling design
After MAC CE based activation, N CSI-RS resources are available for intended UE. UL grant DCI signaling is used to select one out of N CSI-RS resources. Three alternatives for DCI signaling design were identified in last meeting:
· Alt. 1 Reuse A-CSI request field and add more bit(s) if necessary

· Alt. 2 Reuse CS field

· Alt. 3 Add ceil(log2(N))-bit or 2-bit DCI field
· Alt. 1 Reuse A-CSI request field and add more bit(s) if necessary
Alt. 1 attempts to trigger a CSI report and indicate the selection of CSI-RS via CSI request field. When K=1 or N=1, CSI report is corresponding to only one RRC configured CSI-RS. There is no need to use additional bits to indicate the selection of CSI-RS. Reusing the existing CSI request field to trigger a CSI report as well as transmission of the corresponding CSI-RS is enough. 
For N>1, a fixed 3-bit CSI request field can be considered to select a set of CSI process for CSI reporting as well as indicate CSI-RS selection. Fixed 3-bit CSI request field can make sure that the maximum payload size of DCI remains unchanged with some restrictions on CSI-RS selection or CSI report. 

In Rel-13, the number of bits in CSI request field is configurable according to the number of DL serving cell. When one serving cell is configured for UE, CSI report is triggered for a set of CSI process(es) configured by higher layer. Considering 3-bit CSI request field, it is enough to denote the combination of 1 CSI process set and at most 4 CSI-RS resources without any restriction. An example of CSI request field for N= {2, 3, 4} is shown in Table 1. For N=2 or 3, some states of CSI request field are ignored. Each state is defined similar to Tables 7.2.1-1A to 7.2.1-1E in [3]. 

Table 1: An example of CSI Request field for single CC
	Value of CSI request field
	Description on CSI report
	Description on aperiodic CSI-RS indication

	'000'
	No aperiodic CSI report is triggered
	No CSI-RS is indicated

	'001'
	 Aperiodic CSI report is triggered for a set of CSI process(es) configured by RRC; 
	1st CSI-RS is indicated

	'010'
	 Aperiodic CSI report is triggered for a set of CSI process(es) configured by RRC; 
	2nd CSI-RS is indicated

	'011'
	 Aperiodic CSI report is triggered for a set of CSI process(es) configured by RRC; 
	3rd CSI-RS is indicated

	'100'
	 Aperiodic CSI report is triggered for a set of CSI process(es) configured by RRC; 
	4th CSI-RS is indicated

	'101'
	reserved
	reserved

	'110'
	reserved
	reserved

	'111'
	reserved
	reserved


When up to five serving cells are configured for UE, CSI report is triggered for 1 out of 3 sets of CSI process (es) or serving cells. Since 3-bit CSI request field is not enough to denote the combination of 3 CSI process (es) sets and 4 CSI-RS resources, some restrictions are needed. 
An example of CSI request field with up to 5 CCs is shown in Table 2. When N=2, the CSI-RS in each state of CSI request field can map to each of the two activated CSI-RS. When N>2, each state of CSI report cannot guarantee to map to all of the activated CSI-RS. Some restrictions on CSI-RS selection are needed for N>2.
Table 2: An example of CSI Request field for up to 5 CCs
	Value of CSI request field
	Description on CSI report
	Description on aperiodic CSI-RS indication

	'000'
	No aperiodic CSI report is triggered
	No CSI-RS is indicated

	'001'
	 Aperiodic CSI report is triggered for a set of CSI process(es) configured by RRC; 
	1st CSI-RS is indicated

	'010'
	 Aperiodic CSI report is triggered for 1st set of CSI process(es) configured by RRC;
	1st CSI-RS is indicated

	'011'
	 Aperiodic CSI report is triggered for 2nd set of CSI process(es) configured by RRC; 
	1st CSI-RS is indicated

	'100'
	 Aperiodic CSI report is triggered for a set of CSI process(es) configured by RRC;  
	2nd CSI-RS is indicated

	'101'
	Aperiodic CSI report is triggered for 1st set of CSI process(es) configured by RRC;
	2nd CSI-RS is indicated

	'110'
	Aperiodic CSI report is triggered for 2nd set of CSI process(es) configured by RRC;
	2nd CSI-RS is indicated

	'111'
	reserved
	reserved


When more than five serving cells are configured for UE, CSI report is triggered from 1 out of 7 sets of CSI process(es) configured by higher layer. Given that 3-bit CSI request field is not enough to denote combination of 7 CSI process(es) sets and at most 4 CSI-RS resources, more restrictions are needed. The candidate CSI process(es) sets can be activated via MAC CE, such as 3 out of 7 sets of CSI process(es) sets are activated for a given UE. The activated process(es) sets can be mapped to the corresponding states in CSI request field. Flexibility of CSI report can be reserved to some degree by MAC CE based mechanism. CSI request field can still use Table 2. Another way is restricting N=1 when more than five serving cells are configured. Fixed 3-bit CSI request can be supported in this case.
So we propose:
Proposal 1: Use a fixed 3-bit CSI request field to trigger CSI report and indicate the selection of corresponding CSI-RS resource. 
Proposal 2: When K = 1 or N = 1, the existing CSI request field can be reused.
· Alt. 2 Reuse CS field

Alt. 2 proposes to reuse Cyclic Shift field in format 0/4. Coupling between CS and CSI-RS indication is introduced. Each code point in CS field should additionally indicate one out of N activated CSI-RS resources. For instance, when N=4, 8 CSF indices can be evenly divided into 4 groups. Group index can indicate one of 4 CSI-RS resources. Since PHICH resource allocation depends on CS index and starting RB index of PUSCH, the additional relationship between CS and CSI-RS indication may degrade the flexibility for CSI-RS selection. 
An example has been given in [2], where a table of PHICH resource indices was provided corresponding to different starting PRBs and CS indices assuming 10MHz and Ng=1. In that case, redundant PHICH resources provide the flexibility for CS allocation. The case of less PHICH resources should be studied as well. An example with Ng=1/6 is shown in Table 3. It can be seen that PHICH collision probability increases to 6.1% for any two UEs. 
During CS allocation, scheduler should first consider UEs with A-CSI-RS transmission. For example, eNB selects CSI-RS resource 0 for the 1st UE, and meanwhile assign starting PRB index 0 for PUSCH transmission. For the 2nd UE, CSI-RS resource 0 is triggered as well, and the starting PRB index is 16. Therefore, PHICH resource 0 and 4 will be used by the two UEs. When the 3rd UE comes and is assigned with starting PRB index 32, eNB cannot select CSI-RS resource 0 for this UE even CSI-RS resource 0 is preferred. When number of UEs for PUSCH transmission is large, this kind of restriction is even heavy. To alleviate this restriction, a large number of PHICH resources have to be configured even limited number of UEs are activated.
In addition, RPF=2 will be introduced into UL DMRS, which is indicated by CS field as well. Considering that CS, OCC and RPF are all informed through CS field, bounding CSI-RS indication will leads to further undesirable restriction. Hence, this alternative is not preferred.
Table 3: PHICH resource indices for different starting PRBs and CS index (Ng=1/6)
	starting
PRB
	CS index
	starting
PRB
	CS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	0
	9
	2
	11
	4
	13
	6
	15
	25
	12
	5
	14
	7
	8
	1
	10
	3

	1
	8
	1
	10
	3
	12
	5
	14
	7
	26
	5
	14
	7
	8
	1
	10
	3
	12

	2
	1
	10
	3
	12
	5
	14
	7
	8
	27
	13
	6
	15
	0
	9
	2
	11
	4

	3
	9
	2
	11
	4
	13
	6
	15
	0
	28
	6
	15
	0
	9
	2
	11
	4
	13

	4
	2
	11
	4
	13
	6
	15
	0
	9
	29
	14
	7
	8
	1
	10
	3
	12
	5

	5
	10
	3
	12
	5
	14
	7
	8
	1
	30
	7
	8
	1
	10
	3
	12
	5
	14

	6
	3
	12
	5
	14
	7
	8
	1
	10
	31
	15
	0
	9
	2
	11
	4
	13
	6

	7
	11
	4
	13
	6
	15
	0
	9
	2
	32
	0
	9
	2
	11
	4
	13
	6
	15

	8
	4
	13
	6
	15
	0
	9
	2
	11
	33
	8
	1
	10
	3
	12
	5
	14
	7

	9
	12
	5
	14
	7
	8
	1
	10
	3
	34
	1
	10
	3
	12
	5
	14
	7
	8

	10
	5
	14
	7
	8
	1
	10
	3
	12
	35
	9
	2
	11
	4
	13
	6
	15
	0

	11
	13
	6
	15
	0
	9
	2
	11
	4
	36
	2
	11
	4
	13
	6
	15
	0
	9

	12
	6
	15
	0
	9
	2
	11
	4
	13
	37
	10
	3
	12
	5
	14
	7
	8
	1

	13
	14
	7
	8
	1
	10
	3
	12
	5
	38
	3
	12
	5
	14
	7
	8
	1
	10

	14
	7
	8
	1
	10
	3
	12
	5
	14
	39
	11
	4
	13
	6
	15
	0
	9
	2

	15
	15
	0
	9
	2
	11
	4
	13
	6
	40
	4
	13
	6
	15
	0
	9
	2
	11

	16
	0
	9
	2
	11
	4
	13
	6
	15
	41
	12
	5
	14
	7
	8
	1
	10
	3

	17
	8
	1
	10
	3
	12
	5
	14
	7
	42
	5
	14
	7
	8
	1
	10
	3
	12

	18
	1
	10
	3
	12
	5
	14
	7
	8
	43
	13
	6
	15
	0
	9
	2
	11
	4

	19
	9
	2
	11
	4
	13
	6
	15
	0
	44
	6
	15
	0
	9
	2
	11
	4
	13

	20
	2
	11
	4
	13
	6
	15
	0
	9
	45
	14
	7
	8
	1
	10
	3
	12
	5

	21
	10
	3
	12
	5
	14
	7
	8
	1
	46
	7
	8
	1
	10
	3
	12
	5
	14

	22
	3
	12
	5
	14
	7
	8
	1
	10
	47
	15
	0
	9
	2
	11
	4
	13
	6

	23
	11
	4
	13
	6
	15
	0
	9
	2
	48
	0
	9
	2
	11
	4
	13
	6
	15

	24
	4
	13
	6
	15
	0
	9
	2
	11
	49
	8
	1
	10
	3
	12
	5
	14
	7


So, we have the observation:
Observation 1: Reusing CS field will introduce more restrictions on CSI-RS resource indication when PHICH resource is limited.
· Alt. 3 Add ceil(log2(N))-bit or 2-bit DCI field
Alt. 3 proposes a simple way by introducing a new field in DCI. With ‘ceil(log2(N))-bit’, the newly introduced field can be used very efficiently. For N=1, the legacy CSI request field can be reused. The other alternative is to add fixed 2 bits in DCI. A new fixed length field may reduce the complexity of UE implementation. 
For both solutions, maximal size of DCI payload increases for format 0 and 4. Because DCI format 1A should have the same payload size with format 0, additional zero-padding should be introduced for DCI format 1A. 

Although extra field in DCI will impact the DCI decoding performance, this alternative is straightforward and simple in specification. Especially for ‘Add ceil(log2(N))-bit’, it has high efficiency. Therefore, we take solution of ‘Add ceil(log2(N))-bit’ in Alt. 3 as our second preference.
Observation 2: Alt.3 is straightforward and simple in specification. Solution of ‘Add ceil(log2(N))-bit’ has high efficiency.

Proposal 3: If Alt.3 is selected, support adding ceil (log2(N))-bits in DCI.
3 MAC CE timing

There are two alternatives for the value of X/Y in MAC CE based activation/release mechanism:
· Alt1. X=Y=4 ms

· Alt2. X=Y=8 ms

In the case of CA, assume that MAC CE is transmitted in a given subframe n. eNB can receive the ACK/NACK reported by UE in subframe n+4. The subframes between n+4 and n+8 are used for eNB to prepare the serving cell and for UE to report CSI on the serving cell which is activated in subframe n+8. When MAC CE is used for CSI-RS activation/release, there is no need to reserve subframes n+4 to n+8 for eNB to prepare the serving cell. The CSI-RS resource only needs to be prepared when CSI report is triggered. 
So we propose:

Proposal 4: Set X=Y=4 ms as preparing time for MAC CE based activation/release mechanism.
4 Conclusions
In this contribution, details of DCI signaling and MAC CE timing are discussed and we have the following observations:

Observation 1: Reusing CS field will introduce more restrictions on CSI-RS resource indication when PHICH resource is limited.
Observation 2: Alt.3 is straightforward and simple in specification. Solution of ‘Add ceil(log2(N))-bit’ has high efficiency.
Based on the discussion and observations above, we propose: 
Proposal 1: Use a fixed 3-bit CSI request field to trigger CSI report and indicate the selection of corresponding CSI-RS resource. 
Proposal 2: When K = 1 or N = 1, the existing CSI request field can be reused.
Proposal 3: If Alt.3 is selected, support adding ceil (log2(N))-bits in DCI.
Proposal 4: Set X=Y=4 ms as preparing time for MAC CE based activation/release mechanism.
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