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Introduction
In RAN1#86, the following conclusions were made with regards to aperiodic CSI-RS resource selection [1]:
Conclusion: 
· 3 alternatives are identified:
· Alt1 Reuse A-CSI request field and add more bit(s) if necessary
· Alt2 Reuse CS field (see R1-1610815, R1-1610816)
· Alt3 Add ceil(log2(N))-bit or 2-bit DCI field
· Decide between the above 3 alternatives.

The three alternatives were further discussed via an email discussion where the conclusions are given in [2].  In the email discussion, there is a concern raised on the effect of Alt 2 (i.e., reusing the existing cyclic shift (CS) field in UL related DCI to select 1 out of N activated aperiodic CSI-RS resources) on PHICH collision.  In this contribution, we provide some analysis on the impact of Alt 2 on PHICH collision. 
PHICH Collision Analysis
Alt 2: Reusing Code Points from Cyclic Shift Field
With Alt 2, the code points of the existing cyclic field can be reused for aperiodic CSI-RS resource selection.  With Alt 2, a 3-bit code point in the Cyclic Shift field can be mapped to one of the N aperiodic CSI-RS resources via
	
,
	




where  is the aperiodic CSI-RS resource index and  is mapped from the CS field as defined in Table 9.1.2-2 of 3GPP TS 36.213.  More details of Alt 2 are given in our companion paper [3].  Examples of Aperiodic CSI-RS resource selection with Alt 2 are shown in Figure 1 for N = 2 and Figure 2 for N = 4.
In the example of N = 2, a UE triggered on the first aperiodic CSI-RS resource can be indicated by setting the CS Field to one of the four codepoints associated with the same aperiodic CSI-RS resource index (e.g. aperiodic CSI-RS resource 0). Similarly, a UE triggered on the second CSI-RS resource can be indicated by setting the CS Field to one of the other four codepoints associated with the other aperiodic CSI-RS resource index (e.g. aperiodic CSI-RS resource 1).
[image: ]
Figure 1.  An example of aperiodic CSI-RS resource indication using Alt 2 with N=2

In the example of N = 4, a UE triggered on one aperiodic CSI-RS resource can be indicated by setting the CS Field to one of two codepoints associated with the same aperiodic CSI-RS resource index. 
[image: ]
Figure 2.  An example of aperiodic CSI-RS resource indication using Alt 2 with N = 4

One concern raised during the email disucssion [2] was that CS field is also used to avoid PHICH resource collision when it occurs.  In the following, we take a look at the impact of Alt 2 on PHICH resource collision.

PHICH Resource Allocation
According to section 9.1.2 of 36.213, the PHICH resource is identified by the index pair[image: ]where [image: ]is the PHICH group number and [image: ]is the orthogonal sequence index within the group as defined by:
[image: ]
where 
· [image: ]is mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent PDCCH/EPDCCH with uplink DCI format for the transport block(s) associated with the corresponding PUSCH transmission. [image: ]shall be set to zero, if there is no PDCCH/EPDCCH with uplink DCI format for the same transport block, and
· if the initial PUSCH for the same transport block is semi-persistently scheduled, or
· if the initial PUSCH for the same transport block is scheduled by the random access response grant. 
· [image: ]is the spreading factor size used for PHICH modulation as described in 36.213 and [image: ]=4 for normal cyclic prefic and [image: ]=2 for extended cyclic prefix.
· 
 
where [image: ] is the lowest PRB index in the first slot of the corresponding PUSCH transmission 
· 
[image: ] is the number of PHICH groups configured by higher layers as described in 36.211 and 

where  is provided by higher layers.
· [image: ]
Table 9.1.2-2: Mapping between [image: ] and the cyclic shift for DMRS field
 in PDCCH/EPDCCH with uplink DCI formats 0 and 4 [4]
	Cyclic Shift for DMRS Field in PDCCH/EPDCCH 
with uplink DCI format in [4]
	[image: ]

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	7


PHICH Collision Avoidance
Table 1 shows the PHICH resources as a function of the starting RB index of a PUSCH allocation and the CS field configuration (or ) for a FDD system with 10MHz BW, Ng=1 and normal cyclic prefix.  For simplicity, a flat PHICH resource index is used instead of an index pair[image: ],  i.e. flat resource index , where 8 is the PHICH group size. 

In a typical configuration with Ng=1 and 10MHz BW, there are 7 PHICH groups, i.e. [image: ]=7.  Each PHICH group occupies one REG. So the 7 PHICH groups  contain a total of 56 PHICH resources. It can be seen from the table, a given PHICH resource index occurs only 7 times in the table, which translates to about a worst case 1.5% PHICH collision probability for any two UEs.  When such an event ever occurs, eNB can always re-allocate a new  to a UE to avoid the collision.

[bookmark: _Toc465635596]A worst case PHICH collision probability of 1.5% exists between two scheduled UEs with Ng=1 in a 10MHz system. 
When codepoints are shared for aperiodic CSI-RS resource indication (i.e., two codepoints associated with the same aperiodic CSI-RS resource index) as shown in Figure 1 and Figure 2, the question is whether eNB can still be able to re-allocate a new  to avoid PHICH collision when it happens.   

It should be noted that codepoint sharing (i.e., two codepoints associated with the same aperiodic CSI-RS resource index) is only applicable to UEs with aperiodic CSI-RS being triggered in the subframe and there is no impact on other UEs scheduled in the same subframe.  Therefore, to avoid PHICH collision between a UE triggered for aperiodic CSI-RS transmission and other UEs without aperiodic CSI-RS trigger, the eNB can always assign a different  to the other UEs.  In this case, codepoint sharing (i.e., two codepoints associated with the same aperiodic CSI-RS resource index) does not have any impact on PHICH collision.

[bookmark: _Toc465635597]In case of a PHICH collision between a UE triggered for aperiodic CSI transmission and other UE(s) without aperiodic CSI trigger, eNB can always re-allocate a new  to the other UE(s) to avoid the collision.
For the case of N=2, the PHICH collision probability between two triggered UEs is about 1.5% as discussed above.  When two UEs are triggered for aperiodic CSI-RS transmission in the same subframe, each UE can still be allocated with one out of four codepoints having the same aperiodic CSI-RS resource index for PHICH collision avoidance as shown in Figure 1.  Note that the PHICH collision can be avoided generally by re-allocating  for any UE involved in the collision, thus reusing CS field for aperiodic CSI-RS resource selection has less impact on PHICH collision for N=2.

[bookmark: _Toc465635598]Reusing CS field aperiodic CSI-RS resource selection has almost no impact of PHICH collision for N=2.
[bookmark: _Ref463972283]Table 1: PHICH resource indices for different starting PRBs and  configurations ( Ng = 1)
	Starting PRB ()
	
	Starting PRB ()
	

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

	0
	0
	9
	18
	27
	36
	45
	54
	7
	25
	35
	44
	53
	6
	15
	16
	25
	34

	1
	8
	17
	26
	35
	44
	53
	6
	15
	26
	43
	52
	5
	14
	23
	24
	33
	42

	2
	16
	25
	34
	43
	52
	5
	14
	23
	27
	51
	4
	13
	22
	31
	32
	41
	50

	3
	24
	33
	42
	51
	4
	13
	22
	31
	28
	4
	13
	22
	31
	32
	41
	50
	3

	4
	32
	41
	50
	3
	12
	21
	30
	39
	29
	12
	21
	30
	39
	40
	49
	2
	11

	5
	40
	49
	2
	11
	20
	29
	38
	47
	30
	20
	29
	38
	47
	48
	1
	10
	19

	6
	48
	1
	10
	19
	28
	37
	46
	55
	31
	28
	37
	46
	55
	0
	9
	18
	27

	7
	1
	10
	19
	28
	37
	46
	55
	0
	32
	36
	45
	54
	7
	8
	17
	26
	35

	8
	9
	18
	27
	36
	45
	54
	7
	8
	33
	44
	53
	6
	15
	16
	25
	34
	43

	9
	17
	26
	35
	44
	53
	6
	15
	16
	34
	52
	5
	14
	23
	24
	33
	42
	51

	10
	25
	34
	43
	52
	5
	14
	23
	24
	35
	5
	14
	23
	24
	33
	42
	51
	4

	11
	33
	42
	51
	4
	13
	22
	31
	32
	36
	13
	22
	31
	32
	41
	50
	3
	12

	12
	41
	50
	3
	12
	21
	30
	39
	40
	37
	21
	30
	39
	40
	49
	2
	11
	20

	13
	49
	2
	11
	20
	29
	38
	47
	48
	38
	29
	38
	47
	48
	1
	10
	19
	28

	14
	2
	11
	20
	29
	38
	47
	48
	1
	39
	37
	46
	55
	0
	9
	18
	27
	36

	15
	10
	19
	28
	37
	46
	55
	0
	9
	40
	45
	54
	7
	8
	17
	26
	35
	44

	16
	18
	27
	36
	45
	54
	7
	8
	17
	41
	53
	6
	15
	16
	25
	34
	43
	52

	17
	26
	35
	44
	53
	6
	15
	16
	25
	42
	6
	15
	16
	25
	34
	43
	52
	5

	18
	34
	43
	52
	5
	14
	23
	24
	33
	43
	14
	23
	24
	33
	42
	51
	4
	13

	19
	42
	51
	4
	13
	22
	31
	32
	41
	44
	22
	31
	32
	41
	50
	3
	12
	21

	20
	50
	3
	12
	21
	30
	39
	40
	49
	45
	30
	39
	40
	49
	2
	11
	20
	29

	21
	3
	12
	21
	30
	39
	40
	49
	2
	46
	38
	47
	48
	1
	10
	19
	28
	37

	22
	11
	20
	29
	38
	47
	48
	1
	10
	47
	46
	55
	0
	9
	18
	27
	36
	45

	23
	19
	28
	37
	46
	55
	0
	9
	18
	48
	54
	7
	8
	17
	26
	35
	44
	53

	24
	27
	36
	45
	54
	7
	8
	17
	26
	49
	7
	8
	17
	26
	35
	44
	53
	6



For the case of N=4, the PHICH collision probability among four triggered UEs would be increased to about 4.5%. For uplink SU-MIMO, eNB will always allocate different RBs for different UEs and there will not be PHICH collision even if the same [image: ] is allocated to all UEs.  So there is no collision problem in case of SU-MIMO for Ng=1 or 2.  If the four triggered UEs are also paired together for MU-MIMO, a corner case by any means, there are two scenarios.  One is that the same BW is allocated to all the UEs triggered where different [image: ] would be allocated to the four UEs.  According to Table 1, there is no PHICH resource collision problem in this case (i.e., same starting PRB with different [image: ] does not result in PHICH collisions).  The second scenario is that different BWs are allocated with partially overlapped BW and different starting PRBs for the UEs with OCC2 and IFDMA.  As discussed in our companion paper [3], reusing CS field for the selection of aperiodic CSI-RS transmissions retains sufficient flexibility to first allocate Cyclic Shift codepoints for up to 4 UEs and use the codepoints to select a unique aperiodic CSI-RS resource for up to 4 UEs.

[bookmark: _Toc465635599]Code points sharing may have some impact on PHICH collision avoidance in case of N=4 where all 4 UEs are triggered for aperiodic CSI-RS transmission and are also paired together for MU-MIMO, but this is really a corner case scenario.

Conclusion
In this contribution, we have analyzed possible scheduler constraints with Alt1. (i.e. use code points from an existing DCI field to select 1 out N CSI-RS resources) due to possible reduced flexibility in PHICH collision avoidance.  We have the following observations:
Observation 1	A worst case PHICH collision probability of 1.5% exists between two scheduled UEs with Ng=1 in a 10MHz system.
Observation 2	In case of a PHICH collision between a UE triggered for aperiodic CSI transmission and other UE(s) without aperiodic CSI trigger, eNB can always re-allocate a new  to the other UE(s) to avoid the collision.
Observation 3	Reusing CS field aperiodic CSI-RS resource selection has almost no impact of PHICH collision for N=2.
Observation 4	Code points sharing may have some impact on PHICH collision avoidance in case of N=4 where all 4 UEs are triggered for aperiodic CSI-RS transmission and are also paired together for MU-MIMO, but this is really a corner case scenario.
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