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1 Introduction
In RAN4#72bis there were a number of papers in response the WF [1] from the previous meeting.  Whilst some form of consensus on some sort of definition for the scaling factor N seems to exist within the group, it is proving very difficult to find an acceptable definition. The discussion document [2] and associated TP [3], presented Huawei view, based on discussion in RAN4#72bis and work since then this has been modified.

This paper discusses the issues further and attempts to bring the issue closer to resolution.

2 Discussion

The aim suggested by the WF and which most contributions agree on is that 

‘The total unwanted emissions from a AAS BS shall be no higher than the total unwanted emissions from a non-AAS BS.’
And that:

Scaling of the minimum requirement by a factor N (i.e. +10 log10(N)) compared to the xx.104 per connector requirement is agreed, where the definition of N is FFS. 

The problem has been defining N in a way which is clear and suitable for a requirement. Most people are happy with understanding the number of MIMO branches a non-AAS system has as it is the number of physical recourses available (2, 4 or 8 Tx and Rx).

It is also understood that an AAS may provide the same functionality but by using a larger number of transiever units which may carry the signal from more than 1 MIMO branch.

This can be represented for the purpose of discussion as a conceptual diagram below:
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Figure 1. (a)Non-AAS system, (b) AAS system.

The problem of defining N has been to define what is meant by MIMO branch. Unfortunately there is no definition in 3GPP documents which suffices (MIMO is simply defined as Multiple In Multiple Out).

2.1 Ran1 terminology
The mode tables in 36.213 define the RAN1 understanding of multiple layer transmission. Unfortunately they do not have any mappings to physical HW. One possibility for example would be to define N as the number of layers supported by the mode with highest number of layers the BS is capable of supporting

Table 7.1-5: PDCCH and PDSCH configured by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and
	Single-antenna port, port 0 (see subclause 7.1.1)

	
	
	UE specific by C-RNTI
	

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)

	
	
	UE specific by C-RNTI
	

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)

	
	
	UE specific by C-RNTI
	

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)

	
	
	UE specific by C-RNTI
	

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)

	Mode 5
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)

	
	
	UE specific by C-RNTI
	

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO (see subclause 7.1.5)

	Mode 6
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)

	
	
	UE specific by C-RNTI
	

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer

	Mode 7
	DCI format 1A
	Common and
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	
	UE specific by C-RNTI
	

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	
	UE specific by C-RNTI
	

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common andUE specific by C-RNTI 
	          Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	
	
	          MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 10
	DCI format 1A
	Common andUE specific by C-RNTI 
	          Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	
	
	          MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2D
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)


The lower mode numbers deal with single antenna ports and transmit diversity, these would seem to be suitable to help define N.

Single port would indicate N=1, Tx diversity would indicate N=2, 

However  Mode 9 deals with up to 8 layer transmission, this includes 2, 4 and 8 layer MIMO so a statement of supporting Mode 9 would not help define N.
In addition Mode 9 includes support for single antenna port – this is for RANK 1 beam forming, and can use up to 8 actual TRX’s to form  a single path optimised beam (this is beam forming using non-AAS).

So transmission mode and /or the number of RAN1 antenna ports in a non-AAS does not indicate the number of transceivers in a system. Hence cannot be used to indicate the equivalent number of transceivers in a Non-AAS.
2.1.1 Definition using RAN1 terms
Whilst it is not possible to use a particular value from RAN1 (such as transmission mode) to define N, it may be possible to use some of the terminology to help define N for RAN4.

Clearly mode 9 and 10 define multi port transmission modes, up to 8 ports. Along with additional declaration it may be possible to use this to help define the number of transmission layers the system is capable of, one suggestion how the information may be used is below – with a suggested N for each of the transmission modes. The N used would be the greatest from this table.
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH
	N

	Mode 1
	DCI format 1A
	Common and
	Single-antenna port, port 0 (see subclause 7.1.1)
	1

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)
	

	Mode 2
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)
	2

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)
	

	Mode 3
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)
	2

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)
	

	Mode 4
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)
	2

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)
	

	Mode 5
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)
	2

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO (see subclause 7.1.5)
	 

	Mode 6
	DCI format 1A
	Common and
	Transmit diversity (see subclause 7.1.2)
	2

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer
	

	Mode 7
	DCI format 1A
	Common and
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
	2

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)
	

	Mode 8
	DCI format 1A
	Common and
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
	2

	
	
	UE specific by C-RNTI
	
	

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)
	

	Mode 9
	DCI format 1A
	Common andUE specific by C-RNTI 
	          Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
	1

	
	
	
	          MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
	

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)
	max port number minus 6

	Mode 10
	DCI format 1A
	Common andUE specific by C-RNTI 
	          Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
	1

	
	
	
	          MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
	

	
	DCI format 2D
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)
	max port number minus 6


2.2 Cell Splitting
One issue which has not yet been raised with respect to the setting of N is that an AAS BS may be used for cell splitting applications. In fact it is one of the system scenarios highlighted in [1].  In this case the AAS BS is acting quite clearly as 2 (or more) different cells. The equivalent non-AAS solution to this would use the same number of BS as cells. It is also entirely plausible that each of the split cells would use MIMO.

This could lead to an escalation of N which becomes implausible and not representative of legacy non- AAS systems. 
For example if a 2x2MIMO  3 sector site were to be upgraded with additional HW , it is likely that it would be upgraded to either a 4x4MIMO system or possibly a 6 sector system, both would result in a doubling of the number of non-AAS transceivers. However it is unlikely that it would be upgraded to a 4x4MIMO 6 sector site (which would have 4x as many transceivers).

An AAS system in reality has similar implementation limitations. It has a power output which can be redirected into many beams and possibly many MIMO branches, however that power has to be shared. If it was claimed that an AAS was capable of cell spilling to 8 cells and 8x8 MIMO in order to achieve a value of N of 64 then this would be unrealistic.
It is not unrealistic however to envisage a conformal AAS which has 360deg coverage and which is capable of generating 3 sectors (with variable sector distribution). In this case it is not possible to sub divide the system into 3, however it would be unreasonable to not allow N to be multiplied by 3.

2.3 MIMO and cell Splitting
When MIMO capability and cell splitting are looked at together then it is possible that N can become quite large. The possibility of capping N has been mentioned; however it is not clear if it should be capped for MIMO mode only or for both MIMO and cell splitting.

Some likely implementation modes have been listed below to show how cell splitting can cause N to vary widely:
	Cell splitting
	MIMO branch
	N

	1
	2
	2

	1
	4
	4

	1
	8
	8

	2
	2
	4

	2
	4
	8

	2
	8
	16

	3
	2
	6

	3
	4
	12

	3
	8
	24

	6
	2
	12

	6
	4
	24

	6
	8
	48


Table 1. Cell splitting and MIMO combinations
Although implementations with the highest N values are perhaps improbable, it is quite likely that systems with possible N values up to 24 are required.

A single piece of HW should have a single requirement and that not be implementation dependent, i.e. it should not have one requirement is used in cell splitting mode and another if used in MIMO mode.

2.4 Summary

The purpose of the scaling factor N is to give some sort of equivalence between a non-AAS BS and an AAS BS. N is then used to scale the UEM requirements so that equivalent systems have similar requirements.

An AAS BS as a black box may have functionality which is equivalent to a large number of non-AAS BS (or non AAS TRX).
A possible solution to defining the MIMO capability of the AAS to help define N has been suggested.

Cell splitting is one of the most basic AAS use cases which has been simulated in the WI, the effect of cell splitting on the definition of N has been investigated.

The varied results and multiplication of N due to the possibility of cell splitting has shown that setting a ceiling on N is problematic as it is so dependent on implementation.

As the value of N defend the increase of the acceptable UEM level of the AAS, it is important the definition used to derive N is robust. Whilst some progress is being made toward the definition of N with respect to the number of MIMO branches further work is required to deal with cell splitting applications.
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