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1. Sounding RS transmission with control signal in uplink
According to current discussion on uplink data non-associated control channel multiplexing, it seems to converge on two candidates for CQI multiplexing, i.e. CAZAC based block spreading, block-level spreading, that fulfil current working assumption. Moreover, these two schemes make it possible that uplink ACK, CQI and ACK+CQI can be transmitted simultaneously in the reserved edge (resource), which is certainly very attractive feature. Based on these candidates, we here would like to take into account uplink sounding reference signal (Sounding RS) multiplexing method, that has not been handled in depth so far.  The multiplexing method among Sounding RS itself has been widely considered until now as part of the uplink reference signal discussion. But, we have not yet discussed how to multiplex Sounding RS with data non-associated signal in the ‘reserved edge’ for control signal, i.e. ACK/NAK and/or CQI when data is not transmitted in uplink as shown in the figure 1.  If a perfect multiplexing method could be defined to keep orthogonality among four signals (i.e. ACK, CQI, ACK + CQI and Sounding RS) in the reserved area while maintaining so-called single carrier property, there would be no problem at all. Unfortunately, it would be only possible to come up with somewhat imperfect solution which either deteriorates the orthogonality or limits the multiplexing performance.  One simple solution is to make it a rule to avert the transmission of  data non-associated signal at the same symbol instance of sounding RS transmission. Therefore, we have investigated the impacts from multiplexing sounding RS together with data non-associated control signal when there is no data in uplink. 
 SHAPE  \* MERGEFORMAT 



Figure 1:  Multiplexing among ACK/NACK, CQI and Sounding RS
2. CAZAC based block spreading with/without Sounding RS [1]
· RS and Resource for ACK/NAK transmission

[image: image1][image: image6.bmp][image: image7.bmp][image: image8.bmp][image: image2.emf]ZC

ACK/NAK

w

1

w

0

w

2

w

3

IFFT IFFT IFFT IFFT

1 slot

Orthogonal cover


Figure 2: Generation of ACK/NAK multiplexed with S-RS in a slot [2]
· ACK/NACK Reference Signal
· 3 RS structure is assumed (SF3)

· 6 shifted ZC sequences 
· The ZC sequences covered by time domain orthogonal sequences are shared among ACK or CQI or ACK and CQI transmission users
· 3 orthogonal sequences in time domain
· The ZC sequences covered by time domain orthogonal sequences are shared among ACK or CQI or ACK and CQI transmission users
· Maximum number of users to be multiplexed together = 18
· ACK/NAK Signal 
·  6 shifted ZC sequences is assigned to one user
· In case of no Sounding RS transmission in the same slot
·  4 orthogonal covers (SF4)

· In case of sounding RS transmission
· 1 symbol for sounding RS within one subframe
· 3 orthogonal sequences (SF3), not SF4
· Asymmetric ACK/NAK signal resource allocation within one subframe

· Different number of symbols for ACK/NAK signal in even slot and odd slot
· Simple solution
· Power offset adjustment between ACK/NAK in even slot and ACK/NAK in odd slot to satisfy ACK/NACK requirement

· e.g. SF3 (even) + SF4 (odd)

· Don’t use one symbol duration within the slot without sounding-RS in order to make balance between odd and even slot
· e.g. SF3 (even) + SF3 (odd)

· wasting one symbol (e.g. 12 REs)

· The number of  supportable ACK/NAK users

· The number of user is limited by  both number of RS and  number of  CQI users
· The number of maximum supportable ACK/NAK users = the number of available ACK/NAK RS

· In case of no CQI transmission, 6 shifted ZC sequences covered by 3 orthogonal sequences  = 18 users
· In case of CQI transmission, the number of ACK/NACK users will be reduced.
· RS and Resource for CQI transmission
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Figure 3: Generation of CQI multiplexed with S-RS in a slot [2]
· CQI Reference Signal
· 2 RS structure is assumed

· The number of RS could be changed if needed

· The position of RS also could be changed if needed

· Therefore, the position and number of CQI RS can be different from those of ACK/NAK RS 

· 6 shifted ZC sequences 
· 1 shifted ZC sequence per user in principle
· No additional orthogonal sequence covering in time domain

· CQI signal
·  6 shifted ZC sequences (shared with ACK/NAK transmission)

· These sequences are shared resources(codes) for CQI and ACK/NAK

· The same ZC sequence as the CQI RS will be assigned to one user

· Both sequences could be different (if beneficial)

· No additional orthogonal sequence covering in time domain

· If 2 RS is assumed, CQI bit/slot will be 10 or 8.
· 5 CQI symbols (10 coded bits)

· 4 CQI symbols (8 coded bits) in case of sounding RS transmission

· Asymmetric CQI resource allocation within one subframe

· Different number of symbols for CQI signal in even slot and odd slot

· The number of supportable CQI users
· The of CQI users is limited by  both number of RS and  number of  ACK/NAK users 
· The number of maximum supportable CQI users = the number of ZC shifted sequences
· In case of no ACK/NAK transmission, 6 shifted ZC sequences  (6 users)
· In case of ACK/NAK transmission, the number of CQI users will be reduced.
· ACK+CQI simultaneous transmission
· Symbol level TDM as illustrated in the DoCoMo’s contribution [2]
· Joint coding of ACK/NACK and CQI

Table 1: The number of supportable UEs in ACK/NAK and CQI multiplexing
	Slot without sounding RS
	Slot with sounding RS

	ACK/NAK RS=3, CQI RS=2

ACK/NAK resource = 4 (SF4)

CQI resource: 5 (No orthogonal covering)
	ACK/NAK RS=3, CQI RS=2

ACK/NAK resource = 3 (SF3)

CQI resource: 4 (No orthogonal covering)

	# of ACK/NAK
	# of CQI
	# of ACK/NAK
	# of CQI

	18
	0
	18
	0

	15
	1
	15
	1

	12
	2
	12
	2

	9
	3
	9
	3

	6
	4
	6
	4

	3
	5
	3
	5

	0
	6
	0
	6

	The # of CQI bits/slot/user = (5*2) bits
	No changes of the # of MUX users, 

but the number of CQI bits/slot/user is reduced to (4*2) bits


[Note] As shown in the Table 1, sounding RS transmission together with data non-associated control signal within the same slot causes the number of CQI bits/slot/user to decrease roughly down to 20%.  But, the number of multiplexed users wouldn’t change because the user orthogonality will be maintained by each shifted ZC sequence. 
3. Block level spreading with/without Sounding RS [3]
· RS and Resource for ACK/NAK transmission
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Figure 4: Generation of ACK/NAK multiplexed with S-RS in a slot [2]
· ACK/NAK Reference Signal
· 3 RS structure is assumed
· 6 shifted ZC sequences covered by 3 orthogonal sequences in time domain
· The position of ACK/NAK RS and CQI RS is same.
· ACK/NAK
· 6 shifted ZC sequences covered by 3 or 4 orthogonal sequences in time domain
· No Sounding RS

· Covered by 4 orthogonal sequences (SF4)

· With Sounding RS
· Covered by 3 orthogonal sequences (SF3)

· Asymmetric ACK/NAK resource allocation within one sub-frame

· The number of supportable ACK/NAK users

· The of user is limited by  both number of RS and  number of  CQI users
· The number of maximum supportable ACK/NAK users = the number of available ACK/NAK RS

· In case of no CQI users, 6 shifted ZCs * 3 orthogonal sequences = 18 users

· RS and Resource for CQI transmission
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Figure 5: Generation of CQI multiplexed with S-RS in a slot [2]
· Reference Signal
· 3 RS structure is assumed

· 6 shifted ZC sequences covered by 3 orthogonal sequences in time domain
· The position of ACK/NAK RS and CQI RS is same.
· CQI resource defined by

· No ZC sequence is used

· Only time domain orthogonal covering is used

· Either 3 or 4 spreading factor is used (depending on with/without sounding RS)

· 12 RE can convey 12 CQI symbols (24 coded bits) irrespective of sounding RS

· Without sounding RS

· Spreading over 4 symbols
· With sounding RS

· Spreading over 3 symbols
· Asymmetric CQI resource allocation within one sub-frame

· The number of symbols for CQI resources in even slot

· 3 symbols ( due to 1 symbol for sounding RS)

· 24 coded bits (no changes)

· The number of symbols for CQI resources in odd slot

· 4 symbols
· 24 coded bits

· Maximum number of supportable CQI users 
· Basically, it is limited by SF of orthogonal sequences in time domain

· The orthogonal sequences are shared by both CQI and ACK/NACK transmission

· In case of SF4 (or 3), max. 4 (or 3) users can transmit CQI simultaneously when no ACK/NAK is present
· In case of ACK+CQI simultaneous transmission 
· Joint coding of ACK/NACK and CQI
· Symbol level TDM between ACK/NAK and CQI
Table 2: The number of supportable UE in ACK/NAK and CQI multiplexing
	Slot without Sounding RS
	Slot with Sounding RS

	ACK/NAK RS = 3

CQI RS = 3

ACK/NAK resource = 4 (SF4)

CQI resource = 4
	ACK/NAK RS = 3

CQI RS = 3

ACK/NAK resource = 3 (SF3)

CQI resource = 3

	# of ACK/NAK
	# of CQI
	# of ACK/NAK
	# of CQI

	18
	0
	18
	0

	17 (=18-1)
	1
	12
	1

	12
	2
	6
	2

	6
	3
	0
	3

	0
	4
	-
	-

	The # of supportable users is 4 (max.)
	No changes of the # of CQI bits, 

The number of supportable users is reduced


[Note] As shown in Table 2, irrespective of sounding RS transmission, the supportable CQI bits/slot/user wouldn’t be reduced. Instead, the number of supportable users within one slot will decrease down to 25%. 
4. Conclusions

In this document, the impacts of sounding RS transmission on the design of control channel multiplexing structure have been investigated to some extent in terms of the changes in the number of supportable users or bits. In order to maintain single carrier property in uplink, it is suggested that ACK and/or CQI control channels should not be transmitted at least within the same SC-FDMA symbol during sounding RS transmission. The corresponding impacts from not utilizing one symbol for control signal transmission on the multiplexing capability have been scrutinized for two major multiplexing schemes under discussion. 
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