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Higher Order Modulations for MUROS
1 Introduction
A new Study Item Multi-User Reusing One Slot (MUROS) was agreed at GERAN#36 ‎[1]. The purpose of the Study Item is directed towards improving speech efficiency. Some proposals ‎[2]

 REF _Ref206745585 \r \h 
‎[3] have already been introduced that have the potential to carry 2 users over a single physical channel. This contribution introduces the concept of the usage of higher order modulations to carry more than 2 users over a single physical channel. 
The recently completed GERAN Evolution WIDs for Release 7, including RED HOT ‎[4] and HUGE ‎[5], have extensively used higher order modulations to provide higher throughput packet services. It was shown through measurements of networks over 5 continents ‎[6], that the available signal quality in the networks is in most areas sufficient to support good packet data performance with higher order modulations, such as 16-QAM and 32-QAM. This is true both for urban and rural environments. 
This signal quality can also be utilized to transmit more than 2 speech users over a single physical channel.
The updated document includes more technical details on the higher order modulation method. Text updates made to GP-081349 are marked in yellow.
____________________________________________________________________
2 Higher Order Modulation for MUROS

2.1 Concept Description

2.1.1 Downlink

2.1.1.1 User multiplexing

For the downlink channel, several speech channels can be transmitted simultaneously over a single physical channel. Each channel can be separately encoded. In the case that AMR speech encoding is being used, this allows for independent selection of codec mode for each user, multiplexing of legacy users, and separate DTX for each user.
A diagram showing the concept of multiplexing four users is shown in Figure 1.
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Figure 1: Higher Order Modulation for MUROS in Downlink (4 users)
As can be seen in Figure 1, each user is separately encoded. After rate matching, the users are multiplexed together. There are several policies the multiplexer could take. One option is to fairly divide the resource among the users. For example, by concatenating the users’ messages and then bit interleaving, or by allocating separate symbols for every user. 
One mapping option is that each user can be allocated a dedicated bit in the modulation constellation. This option allows inherent power control, as the strength of bits is not equal. Using this method, 1 to 4 users can be multiplexed on the same slot. As in TCH/AFS, each speech frame is interleaved over 8 physical slots to allow as large as possible time diversity. 
The four MUROS users are marked as M0,…,M3. In each slot, up to 4 users are transmitted, depending on each user’s individual DTX status. The modulation level is varied according to the instantaneous number of users as shown in Figure 2.
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Figure 2: Modulation according to Number of Configured Users

Each user that a modulation can carry is regarded as a “user stream”, or just as “stream”. Each stream contains 116 payload bits per slot, as in the legacy TCH/AFS channels. GMSK modulation carries one user stream, marked as S0. In QPSK two streams, marked as S0 and S1, in 8PSK three streams marked as S0, S1 and S2, and in 16QAM carries four users stream marked as S0, S1, S2 and S3. 
The allocation of the symbols on the constellation is done according to the order of bit definition in 45.004. In GMSK, S0 is the only bit in the constellation, di. In QPSK, S0 is mapped to the first bit and S1 to the second bit d2i and d2i+1 respectively. In 8PSK, S0, S1 and S2 are mapped to bits d3i,, d3i+1 and d3i+2 respectively, and in 16QAM stream S0 to S3 are mapped to bits d4i, d4i+1, d4i+2 and  d4i+3 respectively. Using this definition, in 8PSK modulation streams S0 and S1 are “strong” streams, as they are mapped to strong bits, while S2 is a “weak” stream, as it mapped to a weak bit. In 16QAM, stream S0 and S1 are the strong streams and stream S2 and S3 are the weak streams.
In case of 4 users, the stream allocation to user allocation is done in the following way: M0 to S0, M1 to S1, M2 to S2 and M3 to S3. In case of only one active user, that user will be mapped to the GMSK S0 stream. In other cases, the mapping will depend on the instantaneous DTX status, as will be described in the DTX subsection.

2.1.1.2 Speech Multiplexing and Interleaving
Each user that is transmitted has an allocated user stream in the constellations. As the number of bits in each stream is equal to the legacy number of bits in the TCH channel, speech multiplexing can be done as currently done in TCH/AFS channels, with the interleaving onto the allocated bits. As with legacy channels, adjacent speech frames are diagonally interleaved in the same way. 
The interleaving pattern used by each user is depending on the user number. The interleaving is done in the following way: 
Let C(k), k=0,…,455, be the coded bits after puncturing, and I(j),j=0,…,455 be the coded bits after interleaving.
Define j as: j = 57*(k%8) + (49*k+14*index)%57, where ind the MUROS user index, given in Table 1.  The interleaving pattern is define as  I(j) = C(k).
Using this interleaving, user M0 has the the same legacy interleaving, therefore if only M0 is transmitted, the legacy TCH/AFS slots are achieved.
Table 1: MUROS user interleaving indices

	User
	Index

	M0
	0

	M1
	1

	M2
	2

	M3
	3


2.1.1.3 Modulation Schemes and Training Sequences

The proposal will re-use GMSK and 8-PSK modulation training sequences, and 16-QAM modulation training sequences defined for EGPRS2. In addition, 8 training sequences for QPSK modulation at normal symbol rate are defined using the same method of producing the 16QAM/32QAM sequences. A rotation of 3π/4 can be used to differentiate the modulation scheme for blind modulation detection. The TSCs are summarized in Table 2.
Table 2: QPSK Training Sequences
	Training

Sequence

Code (TSC)
	Training sequence

	    0
	1,1,1,1,0,0,1,1,1,1,0,0,1,1,0,0,0,0,0,0,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1,0,0,1,1,1,1,0,0,1,1,0,0,0,0,0,0

	    1
	1,1,1,1,0,0,1,1,0,0,0,0,1,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,1,1,1,1,1,1,0,0,1,1,0,0,0,0,1,1,0,0,0,0,0,0

	    2
	1,1,0,0,1,1,1,1,1,1,1,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0,1,1,0,0,1,1,1,1,0,0,1,1,1,1,1,1,1,1,0,0,0,0,0,0,1,1

	    3
	1,1,0,0,1,1,1,1,1,1,0,0,0,0,0,0,0,0,1,1,0,0,0,0,1,1,0,0,1,1,1,1,1,1,0,0,1,1,1,1,1,1,0,0,0,0,0,0,0,0,1,1

	    4
	1,1,1,1,1,1,0,0,0,0,1,1,0,0,1,1,0,0,0,0,0,0,1,1,1,1,0,0,1,1,1,1,1,1,1,1,1,1,0,0,0,0,1,1,0,0,1,1,0,0,0,0

	    5
	1,1,0,0,1,1,1,1,0,0,0,0,0,0,1,1,0,0,1,1,0,0,0,0,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,0,0,0,0,0,0,1,1,0,0,1,1

	    6
	0,0,1,1,0,0,1,1,1,1,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0,1,1,1,1,1,1,0,0,1,1,0,0,1,1,1,1,0,0,0,0,0,0,0,0,0,0

	    7
	0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,1,1,1,1,1,1,0,0,1,1,1,1,0,0,1,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,1,1,1,1


Constellation rotations can be as for EGPRS2, with the exception of the QPSK configuration to support a legacy GMSK user. This is described in Section ‎1.1.1.4.
2.1.1.4 Legacy GMSK MS Support

Support for legacy GMSK MSs can be provided with a modified QPSK modulation. In this case, the BTS would transmit to 2 MSs, one of which can be a legacy GMSK MS. The constellation rotation will be compatible with legacy GMSK for transmission of this slot, i.e. π/2 per symbol period, as shown in Figure 3. Detection of the rotation will be by blind modulation detection, as for detection between different modulation schemes for the regular speech multiplexing. Figure 4 shows different configurations for multiplexing legacy MSs, both full rate and half rate. 
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Figure 3: π/2 constellation rotation for legacy multiplexing
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Figure 4: Downlink Configurations of MUROS with Legacy

2.1.1.5 Achievable Code Rates
The code rates achievable when multiplexing four speech users over a 16-QAM modulation and two speech users using a QPSK modulation are the same as currently achieved in TCH/AFS over GMSK. The achievable code rates are given in Table 3. 

Table 3: AMR channel coding rates on DL for 16-QAM modulation and four users, or QPSK and 2users
	AMR
	AMR code rate (no header)

	TCH/AFS12.2
	0.56

	TCH/AFS10.2
	0.47

	TCH/AFS7.95
	0.37

	TCH/AFS7.4
	0.34

	TCH/AFS6.7
	0.31

	TCH/AFS5.9
	0.28

	TCH/AFS5.15
	0.24

	TCH/AFS4.75
	0.23


There is also the case to consider that the network may allocate 2 legacy GMSK MSs to the same timeslot, using half rate configuration. If 1 MUROS user is also allocated to this timeslot, it can achieve the code rates in Table 3. If instead 2 MUROS users are allocated together with 2 legacy users, this would limit the codec rates to the half rate codec set.
2.1.1.6 DTX

The decision for each DL user channel to activate DTX is independent, depending on instantaneous speech activity. In the case that one or more users enter DTX, a lower, more robust modulation can be used according to the number of users instantaneously required. For example, where four users use 16-QAM, 3 users can use 8PSK, two users QPSK, and one user GMSK modulation.

Since information about which user or users enter DTX is not known a priori, this information must be provided by signaling as side information. This can be done as for the following example. 

Each user of a logical channel is a priori assigned an identifier, so that the user knows where to access the channel encoded bits. So, the user will always know which vector of decoded bits to extract from a received burst. The different DTX configurations are now considered.
2.1.1.6.1 DTX Configuration Signaling

Signaling of the MUROS users that are active for a given slot transmission can be done with a single bit.

Suppose that there 4 MUROS users, numbered for a given TDMA frame as M0, M1, M2, and M3. Each MS is aware a priori of its index for this phase in the hop sequence. This information is signaled at call setup. The user order (Mx) is preserved also in the case that one or more of the channels enters DTX.
The signaling may then work as follows.
4 users - 16-QAM

All four users are transmitted. No signaling is required. User M0 is carried on stream S0, M1 on S1, M2 on S2 and M3 on S3. 
3 users - 8-PSK

One user has entered DTX. Four options are possible for transmitted channels. A signal bit is used to indicate the appropriate channel configuration as shown in Table 4.

Table 4: Signaling Bit Encoding according to DTX states

	Stream number
	Signaling Bit

	S0
	S1
	S2
	

	M0
	M1
	M2
	0

	M0
	M1
	M3
	1

	M0
	M2
	M3
	0

	M1
	M2
	M3
	1


In the 8-PSK slot transmission there are 3 streams, S0, S1 and S2, of encoded channel bits, each equivalent in size to the payload carried by a GMSK slot. The four users relate to the signaled bit as shown in Table 5. So for example, when the signaled bit is set to 1, the MUROS user with index 2 (M2), reads the second stream of bits, S1.
Table 5: Interpretation of Signaled Bit By MUROS user
	Signalled Bit
	M0
	M1
	M2
	M3

	0
	S0
	S1
	S2
	S2

	1
	S0
	S0
	S1
	S2


2 users - QPSK

Two users have entered DTX. Six options are possible for transmitted channels. A signal bit is used to indicate the appropriate channel configuration as shown in Table 6.
Table 6: Signaling Bit Encoding according to DTX states

	Stream number
	Signaling Bit

	S0
	S1
	

	M0
	M1
	1

	M0
	M2
	0

	M0
	M3
	1

	M1
	M2
	0

	M1
	M3
	0

	M2
	M3
	1


In the QPSK slot transmission there are 2 streams, S0 and S1, of encoded channel bits, equivalent is size to the payload carried by a GMSK slot. The four users relate to the signaled bit as shown in Table 7. So for example, when the signaled bit is set to 1, the MUROS user with index 2 (M2), reads the first vector stream of bits, S0.
Table 7: Interpretation of Signaled Bit By MUROS user
	Signalled Bit
	M0
	M1
	M2
	M3

	0
	S0
	S0
	S1
	S1

	1
	S0
	S1
	S0
	S1


1 user - GMSK

In the case that only a single user is not in DTX, no signaling is required. All users on this timeslot/frequency will receive the slot, and use it to try to decode a speech frame. However, only the user to whom the data is transmitted will succeed in decoding the speech frame.
2.1.1.6.1.1 Examples

M0 user
A user allocated M0 always reads the first stream of bits, irrespective of the modulation used. Since the user order is preserved, the first stream S0 will always carry M0 data, irrespective of the DTX state of other users, except in the case that M0 itself has entered DTX. The DTX signaling bit can be ignored by user M0. In the case that M0 is one of the users that is in DTX, the received data will not be decodable, since the encryption scrambling will be different from that for M0.

Note that MEAN_BEP & CV_BEP are parameters that are dependent only on uncoded data, not on data at frame level. So frames that are not decoded are not relevant to determining downlink channel quality.

Similarly, a user allocated to M3 always takes bits from the last stream of the transmitted modulation, which is S3 for 16-QAM, S2 for 8-PSK, S1 for QPSK; and, if GMSK is used, then the single stream of bits is used by M3 as the received data for speech frame decoding. The DTX signaling bit can be ignored by user M3.

M2 user
Suppose a user is allocated identifier M2 at setup together with 3 other users, allocated as M0, M1 and M3. For 16-QAM modulation transmitted on the downlink, M2 reads data bits from stream S2.

At a point in the call, one of the users on the downlink enters DTX.  From the start of the next interleaved speech frame, the modulation transmitted is now 8-PSK. At this point, as the next timeslots are received, user M2 is not yet aware which user has entered DTX (including if it is M2 itself). After receiving all the timeslots of the interleaved speech frame, the DTX signaling information for that speech frame can be decoded. If the signaling bit is 0, then bits for M2 are read from stream S2 (per Table 5) (corresponding to M3 being in DTX (or M2 itself)). If the signaling bit is 1, then bits for M2 are read from stream S1 (corresponding to either M0 or M1 being in DTX). As for the M0 example above, if it is M2 itself that has entered DTX, then the received data will not be decodeable, but since the data is not directed to M2, this is not relevant.
Suppose now that 2 users enter DTX, and QPSK is transmitted on the downlink. If the DTX signaling bit is 0, then M2 reads its bits from the second stream S1 (per Table 7) (corresponding to either M0 or M1, plus M3 (or M2)), being in DTX. If the DTX signaling bit is 1, then bits for M2 are read from the first stream S0 (corresponding to both M0 and M1 being in DTX).

In the case that 3 users enter DTX, and GMSK is transmitted on the downlink, then bits for M2 are read from the single stream S0.
2.1.1.6.2 Signaling Rate and Signaling Channel Coding

In order to signal the instantaneous user channel configuration for 8-PSK and QPSK slot transmissions, one signaling bit is required. As the DTX status can be changed every speech block, the required rate of the signaling is one signaling bit per 4 slots. In order to make this transmission robust, it must be encoded. A code rate of 1/8 is used. The code words are specified in Table 8.
Table 8: signaling bit codewords

	Signaling bit
	Codeword

	0
	0 0 0 0 0 0 0 0

	0
	1 1 1 1 1 1 1 1


In order to convey the signaling codeword, 8 bits per 4 slots are needed to be transmitted, that is 2 bits per slot. In QPSK modulation, this will affect only one bit per user per slot, a total of 4 payload bits in one speech frame. For a 12.2kbps AMR channel, this would change the channel encoding rate from R=0.56 (250/448) to R=0.563 (250/444). The impact of this on speech channel performance is negligible.
In 8PSK the same number of bits is needed per slot. In order to improve the signaling performance, strong bits are used. Therefore user on stream S2 is unaffected in the coderate, while user in stream S0 and S1 has the same impact as in QPSK.

The signaling codeword is interleaved over 8 slots using the same way the stealing bits are interleaved. The bits that are used to convey the signaling are the strong bits. The symbol that is used to convey the signaling is symbol number 116, such that in QPSK all the symbol is used and in 8PSK only the two strong bits are used.
2.1.1.6.3 Average Channel Usage

The average active part of the DTX of an MS is typically 60%. Assuming that we multiplex 4 users simultaneously onto a physical channel, the distribution of usage among the different modulation schemes can be estimated.

Assume that for a given timeslot, the usage of a given MS, is given by a uniformly distributed variable,
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This gives the modulation probability distribution as shown in Table 9. This shows that most of the transmissions use a modulation no higher than 8PSK. Only when none of the 4 users is in DTX, then the modulation rises to 16-QAM.
Table 9: Modulation Usage in DTX

	Modulation
	Probability

	16-QAM
	6%

	8PSK
	24%

	QPSK
	30%

	GMSK
	24%

	None
	6%


2.1.1.7 Hopping

The DTX phase of an MS tends to be for a period of time, and does not change from speech frame to speech frame. So the improvement in channel conditions is localized to certain periods in time.
Some consideration of this has been given for the case where only 2 users are multiplexed‎[8], where adaptive frequency hopping has been proposed to hop between hopping sequences, and so better distribute the improvements available from DTX phases. Although the case for 4 multiplexed users is somewhat better in terms of improvements from DTX, since there are a number of multiplexed users that can each enter DTX, the improvements still remain somewhat localized. The concept presented in ‎[8] can also be used for higher modulations. A simple example is shown in Table 10 for 8 MSs, distributed over 2 hopping sequences. Initially, the MSs are distributed {M0,M1,M2,M3} and {M4,M5,M6,M7} over the 2 carriers in frame N.  In frame N+1, the allocation is changed to {M0,M1,M2,M7}, {M4,M5,M6,M3}. As can be seen in Table 10 , the second and third users are set as fixed during 4 frames. This fact is used in the signaling coding that was described in subsection ‎1.1.1.6.2. After the 4 frames, users M2 and M6 change location in order to improve the DTX diversity.
Table 10: Example of Adaptive Hopping for Higher Order Modulations

	Frame →
	N
	N+1
	N+2
	N+3
	N+4
	N+5
	N+6
	N+7

	Hop seq 1
	M0

M1

M2

M3
	M0

M1

M2

M7
	M4

M1

M2

M3
	M4

M1

M2

M7
	M0

M1

M6

M7
	M4

M1

M6

M7
	M4
M1

M6

M3
	M4
M1

M6

M7

	Hop seq 2
	M4

M5

M6

M7
	M4

M5

M6

M3
	M0

M5

M6

M7
	M0

M5

M6

M3
	M4

M5

M2
M7
	M4
M5

M2

M3
	M0
M5

M2

M7
	M0
M5

M2

M3


2.1.1.8 Power Control

Some measure of power control differential between the users supported within the constellation is desirable, in addition to power control for the complete constellation. 

A proposal for a modified QPSK constellation was made in ‎[9] in order to allow a power differential between 2 users. 
As shown in Figure 6, for each block of k=4 bits, two of them (b1 and b2) are mapped to the sub channel I, and the other two bits (b3 and b4) are mapped to the sub channel Q. Because the two sub channels are independent, different protection of the strong bits and weak bits can be obtained by setting a proper value of μ for each sub channel where the distance between the two inner points are denoted by di and dq for the subchannel I and Q, respectively, while the distance between an outer point and its neighbour is denoted by μidi, and μqdq for the sub channel I and Q, respectively (μi and μq are real numbers). In general, q is not necessarily equal to i, and, dq is not necessarily equal to di. These flexibilities make it possible to let all of the four bits have different protection (Note that for μi= μq=1.0 and di=dq, Figure 6 represents a regular 16-QAM constellation with equal distance between all neighboring points.). 

In the receiver, the real part and the imaginary part of the received complex symbol can be separated, and a hard decision can be made for each bit following the rules,
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where Re{r} and Im{r} are the real part and the imaginary part of the received symbol, respectively.
The values of μi and μq can be estimated in the receiver by observing the received training sequence. Noted that the estimation errors of μi and/or μq have no effect on the BEP performance of the strong bits; they affect only the weak bits. Furthermore, the estimation errors only widen the performance gap between the strong and weak bits. This effect can be compensated by adjusting the corresponding values of μi and/or μq accordingly. This method can also be used for adapting μi and/or μq in response to variation of the channel.

When changing modulation schemes, a number of possibilities can be considered. One is to maintain the carrier power irrespective of modulation. The MSs not in DTX enjoy the improved link performance, although inter cell interference may be increased. This simplifies RSSI measurement within a SACCH multiframe, since all timeslots have the same transmit power. A second option is to transmit the different modulations with a known power differential between them. In this way, similar BEP performance could be possible for the different modulations. However, since the power difference between the modulations is known a priori, the RSSI measurement within a SACCH multiframe can be made as though all slots were transmitted with identical power.
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Figure 5: Downlink power control on HOM – QPSK
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Figure 6: Downlink power control on HOM- 16QAM
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Figure 7: Pre-defined Backoff for DTX modulation changes

2.1.1.9 SACCH
This section presents a number of options for SACCH downlink support.
2.1.1.9.1 Aligned SACCH Performance
The performance of the SACCH signaling channel could be aligned with the performance of the speech channels that it supports. This seems reasonable as there is no expectation that the network would need to maintain a speech call where the speech data FER remains very high for an extended period of time. With the existing channel coding of the SACCH channel, this can be supported over modulations of similar order to those supporting the speech channels. Repeated SACCH can also be supported using this principle.

2.1.1.9.2 Half Rate SACCH

Another approach is transmitting the SACCH message to each user using legacy messages but only at half the rate. As the information rate in the SACCH messages is low, this approach is feasible. The principle that the change in information is slow is also used in repeated SACCH - this is used when the signal conditions are very poor. However, when multiplexed users are in use, signal conditions are much better than those requiring repeated SACCH. SACCH reception performance will be good, and so the reduced rate of SACCH transmission can be used in order to transmit SACCH messages alternately to different MSs.
2.1.1.10 FACCH

The performance of the FACCH signaling channel should be aligned with the performance of the speech channels that it supports. With the existing channel coding of the FACCH channel, this can be supported over modulations of similar order to those supporting the speech channels. If each speech user is independently encoded, then the bits relating to that user can be replaced by a FACCH block related to that user, without impacting the other users.

Repeated FACCH can also be supported using this principle.

The process of handover would be expected to be handled using these FACCH channels. However, in case of sudden substantial changes in signal conditions, an additional method could be considered that allows momentary use of a more robust signaling channel to perform handover. This could be done by dropping back to GMSK modulation for particular control messages in bad conditions.

2.1.2 Uplink

2.1.2.1 Speech multiplexing

Figure 8 shows the concept for uplink MUROS support. For the uplink, up to 2 MSs can co-transmit on the same frequency and timeslot. The users are differentiated by the use of different training sequences. The uplink transmissions can use QPSK modulation or GMSK modulation. In order to achieve the coding rates to support high bit rate AMR (12.2kb/s), TCH/FS and TCH/EFS, uplink modulation will be QPSK. If one of the MSs is legacy GMSK, then its uplink transmission will be with GMSK modulation.
It is assumed that the BTS uses interference rejection combining (IRC) or successive interference cancellation (SIC) in order to receive the data for each of the users.
In order to support 4 users on the uplink, the allocation can be arranged as shown in Figure 9. Two users will be allocated to transmit on each alternate frame. The two user MUROS case is a sub-case of 4 users where the first 2 users are allocated so that they transmit on alternate frames, and co-transmission is avoided until at least 3 users are active.
Note: Co-channel interfered higher order modulation was considered in GERAN Release 7 for DARP Phase II ‎[10]. An example requirement in the standard is that, for MCS5, using 8PSK modulation with code rate 0.37, with a GMSK or 8-PSK co-channel interferer, the performance requirement must be met at C/I= -6.5dB. So, it is expected that good performance with uplink QPSK modulation with a co-channel interferer will be achievable with conditions of a secondary user transmitted so that each user has a C/I around 0dB.
2.1.2.1.1 Legacy Support
Examples of legacy support configurations are shown in Figure 10. These different configurations show how full rate or half rate legacy GMSK MSs can be supported on the uplink.

Note that the configurations would allow flexibility such that not all the MSs sharing a physical resource need to be of type full rate or half rate.
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Figure 8: Higher Order Modulation for MUROS in Uplink
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Figure 9: Uplink MUROS Configurations
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Figure 10:  Uplink Configurations of MUROS with Legacy
2.1.2.2 Training Sequences

Two set of QPSK training sequences are required to be defined for normal symbol rate. The first set is defined in Table 2. the second set is based on the GMSK TSC suggested in ‎[11] using two diagonal constellation point of QPSK. The results TSC bit sequences are shown in Table 11
Table 11: Second User QPSK TSC

	Training

Sequence

Code (TSC)
	Training sequence 

	    0
	0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,1,1,0,0,0,0,1,1,1,1,0,0,1,1,0,0,1,1,0,0,0,0,0,0,1,1,1,1,1,1,1,1,0,0,0,0

	    1
	0,0,1,1,1,1,1,1,1,1,1,1,0,0,1,1,0,0,0,0,0,0,0,0,1,1,0,0,0,0,1,1,1,1,0,0,0,0,0,0,1,1,0,0,1,1,1,1,1,1,1,1

	    2
	0,0,0,0,1,1,0,0,1,1,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,0,0,0,0,0,0,1,1,0,0,1,1,1,1,1,1,0,0,1,1

	    3
	0,0,1,1,1,1,1,1,0,0,1,1,1,1,0,0,0,0,0,0,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,1,1,0,0,1,1,0,0,0,0,1,1,1,1,0,0

	    4
	0,0,1,1,1,1,0,0,0,0,0,0,1,1,0,0,0,0,1,1,1,1,0,0,1,1,0,0,1,1,0,0,0,0,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,1,1

	    5
	0,0,0,0,0,0,1,1,1,1,0,0,0,0,0,0,0,0,0,0,1,1,0,0,1,1,0,0,0,0,0,0,0,0,1,1,1,1,0,0,0,0,1,1,0,0,1,1,1,1,1,1

	    6
	0,0,0,0,1,1,1,1,0,0,1,1,1,1,1,1,1,1,0,0,1,1,0,0,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0,0,1,1,0,0,0,0,1,1,1,1,0,0

	    7
	0,0,0,0,1,1,0,0,1,1,1,1,0,0,0,0,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,1,1,1,1,1,1,1,1,0,0,1,1,0,0,1,1,0,0,0,0


User M0 and M2 are using the TSC listed in Table 2 while user M1 and M3 are using the TSC in Table 11.
2.1.2.3 Burst Format Signaling

No burst formatting will be required on the uplink. The users on the same physical uplink resource will be discriminated by the training sequence used by each MS.
2.1.2.4 DTX

Each MS independently transmits on the uplink. When an MS determines that there is no speech on the uplink, the MS enters does not transmit, except for transmission of the SID and SACCH information.

2.1.2.5 Hopping

As with downlink hopping, adaptive frequency hopping can also be used with the proposed uplink concept, in order to maximize the benefit achievable from MS uplink links entering DTX.
A possible scheme is that shown in Figure 11. Eight MSs are shown being supported across the 2 sequences. The example shows a full interleaving sequence of a speech frame. In the first 4 frames MS0 is transmitted on frame N and frame N+3 as one of the two uplink users on hopping sequence 1 in those frames. The second user transmitting on the uplink in each of frame N and frame N+3 is different. Hence, if MS0 uplink is in DTX, both MS1 and MS2 obtain benefit from this. Similarly, MS3 can transmit on frames N+1 and N+2.  

In the same way, MS4 and MS7 can transmit on hopping sequence 2.

Note that MS1, MS2, MS5 and MS6 do not move across hopping sequences, and are allocated alternate frames. These MS allocations can be used for 1 or more legacy GMSK MSs. These, of course, would be limited to transmitting GMSK modulation on the uplink timeslots.
In terms of allocation of MSs, it is of course preferable to allocate them initially so that they are not transmitting on the same frames, and only once this has been completed, to start allocating the second of the pairs (e.g. {MS0, MS1}).
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Figure 11: Hopping across 2 hopping sequences on Uplink

2.1.2.6 Code Rate

The code rates achievable with multiplexing a speech user over a QPSK modulation with interleaving depth of 4 slots is the same as is achievable for TCH/AFS over GMSK. So the achievable code rates are given in Table 3 above.

2.1.2.7 Power Control
On the uplink, each uplink independently transmits. The power requested by the network is set for each MS, such that two users’ transmissions can be reliably separated.

2.1.2.8 SACCH

This section presents a number of options for SACCH uplink support.

2.1.2.8.1 Aligned SACCH Performance

The performance of the SACCH signaling channel could be aligned with the performance of the speech channels that it supports. With the existing channel coding of the SACCH channel, this can be supported over modulations of similar order to those supporting the speech channels. Repeated SACCH can also be supported using this principle.

2.1.2.8.2 Half Rate SACCH

A further approach is transmitting a SACCH message from every user using legacy messages but only half of the time. As the information rate in the SACCH messages is low, this approach seems feasible. A similar approach is taken in order to allow usage of repeated SACCH; however in the case of multiplexed users, the conditions, and so the performance, of the SACCH will be much better than that of the supported speech data, so the half rate SACCH concept can be used to multiplex SACCHs of different users.
2.1.3 Dynamic Channel Allocation

In addition to some internal power control, dynamic channel allocation (DCA), can group the users into sets of users that have similar needs, and allocate these to a common resource. As the signal conditions of each user change, these sets can be updated in order to maximize effectiveness.

2.2 Performance Characterization

2.2.1 Link Level Performance

2.2.1.1 Sensitivity Performance

[to be included]
2.2.1.2 Interference Performance
2.2.1.2.1 Co-channel Performance

This section shows simulation results for two speech users multiplexed on QPSK modulation both in uplink and downlink, and four speech users multiplexed on 16-QAM modulation both in uplink and downlink. The conditions are co-channel interferer with a TU3 iFH channel. Both for two users and four users, the legacy AMR coding schemes and puncturing were used.
Figure 12 shows the downlink performance achievable with the AMR 5.9kbps codec for 2 and 4 users, as compared to the legacy single user 5.9kbps case. Also shown are the 45.005 requirements for TCH/AFS12.2, TCH/AFS5.9 and TCH/AHS5.9. The 2 user MUROS curve only requires a 1.2dB improvement over the single user legacy case; it also exceeds the TCH/AFS5.9 requirement in 45.005 by around 3dB. The 4-user MUROS case exceeds the TCH/AHS5.9 requirements by around 2dB. That is, with a 2dB degradation in C/I, double the number of speech users can be supported as compared to the legacy requirements.

Figure 13 shows the downlink performance achievable with the AMR 12.2kbps codec for 2 and 4 users, as compared to the legacy single user 12.2 kbps case. Similarly to the 5.9 case, the 2-user MUROS case using the12.2kbps codec only requires a 0.5dB improvement over the single user legacy case. The 4-user MUROS case can also be supported with a C/I=15.5dB which, based on network measurements done during Release 7 GERAN Evolution work, is very reasonable to occur in networks.

Figure 14 shows the downlink performance for the case when only a half rate traffic physical channel is allocated to MUROS users, as for instance when the other half rate is allocated to legacy usage. The performance of 2-user MUROS carrying AMR5.9kbps is compared to TCH/AFS5.9 and TCH/AHS5.9 performance. Also shown are the 45.005 requirements for TCH/AHS5.9. It can be seen that an improvement of only 0.5dB is needed to support 2 users over the half rate resource. Also, the MUROS performance exceeds the TCH/AHS5.9 performance requirement by 1dB. So, allocating part of the resource to a legacy user, does not affect the ability to use the remainder of the resource in an effective way for MUROS.
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Figure 12: Speech user performance of multiplexed users in Downlink, AMR5.9, Co-channel, TU3 iFH
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Figure 13: Speech user performance of multiplexed users in Downlink, AMR12.2, Co-channel, TU3 iFH
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Figure 14: Speech user performance of multiplexed users in Downlink, AMR5.9, Co-channel, TU3 iFH (Half Rate Resource)

2.2.1.2.2 MTS-x Performance

This section shows the performance of speech over the defined MUROS channels, under the different types of MUROS interferers that could be present. That is, GMSK, QPSK and 16QAM interferers. Simulations are shown for configurations MTS-1 to MTS-4.
In the Figures, the line colour indicates the number of users, 1, 2 or 4, and the shape indicates the interferer type. Also shown by the purple and green markers are 3GPP standard requirements of a number of cases.
	Parameter
	Value

	Speech codec
	AMR 5.9 and 12.2

	Channel profile
	TU3

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-1, MTS-2, MTS-3, MTS-4 (GMSK, QPSK, 16QAM)

	Receiver type
	Conventional

	Rx filter
	Conventional

	No. simulated speech frames
	10, 000


2.2.1.2.2.1 Downlink
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Figure 15: AMR 5.9 performance of multiplexed users in DL, MTS-1
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Figure 16: AMR 12.2 performance of multiplexed users in DL, MTS-1
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Figure 17: AMR 5.9 performance of multiplexed users in DL, MTS-2
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Figure 18: AMR 12.2 performance of multiplexed users in DL, MTS-2
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Figure 19: AMR 5.9 performance of multiplexed users in DL, MTS-3
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Figure 20: AMR 12.2 performance of multiplexed users in DL, MTS-3
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Figure 21: AMR 5.9 performance of multiplexed users in DL, MTS-4

[image: image28.jpg]FER

10

10°

10°

AMR 12.2, DL\FullRate, Channel: TU3IFH\MTS4

GMSK Intf. ||
QPSK Intf.
16QAM Intf.

6 8 10 12 14 16

18 20




Figure 22: AMR 12.2 performance of multiplexed users in DL, MTS-4

2.2.1.2.3 Co-channel Performance w Power Control

This section shows the range of power control available in the higher modulations by use of mapping the user streams to the different strength bits in the modulation constellation, as described earlier. In addition, this can also be enhanced by modification of the constellation as proposed in Section ‎1.1.1.8.

The following Figures are shown for the 12.2 and 5.9 AMR full rate codecs, in channel scenarios MTS-1 to MTS-4 with MUROS interference. For 2 users over QPSK, a single line is  shown as both bits in the constellation are of same strength. For 3 users over 8-PSK, 2 lines are shown – 2 users are with strong bits, 1 with less strong. For 4 users over 16-QAM, 2 lines are shown – 2 users with strong bits, 2 users with less strong. Additionally, markers indicate 45.005 standard requirements where relevant. It can be seen that performance of 3 and 4 users is quite similar. It can also be seen that by simple mapping, it is possible to support speech users in conditions that are only 6dB worse than legacy speech channels.
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Figure 23: AMR 5.9 multiplexed users in DL, MTS-1/TU3iFH
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Figure 24: AMR 12.2 multiplexed users in DL, MTS-1/TU3iFH
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Figure 25: AMR 5.9 multiplexed users in DL, MTS-2/TU3iFH
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Figure 26: AMR 12.2 multiplexed users in DL, MTS-2/TU3iFH
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Figure 27: AMR 5.9 multiplexed users in DL, MTS-3/TU3iFH
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Figure 28: AMR 12.2 multiplexed users in DL, MTS-3/TU3iFH
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Figure 29: AMR 5.9 multiplexed users in DL, MTS-4/TU3iFH
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Figure 30: AMR 12.2 multiplexed users in DL, MTS-4/TU3iFH
2.2.1.3 Adjacent Interference Performance

[to be included]

2.2.2 Network Level Performance

[tbd]

2.3 Impacts on the Mobile Station

The presented concept is compatible with legacy MSs. Legacy MS designs that already support modulations required for Release 7 require the following changes

· Support of new multiplexing schemes for multiuser speech

· Definition of new training sequences, both on downlink and uplink

· Signaling support to indicate new MS capabilities

· Modification of modulation definitions to support QPSK on uplink (at Normal Symbol Rate)

Legacy MSs that support only GMSK modulation are supported 

· Multiplexing on a QPSK modulation with π/2 constellation rotation, and use of a legacy training sequence on the sub-channel
· Multiplexing of legacy MS on dedicated tomeslot

2.4 Impacts on the BSS

· Support of new multiplexing schemes for multiuser speech channels
· Support of QPSK Normal Symbol Rate reception

· Signaling support to indicate channel status

2.5 Impacts on Network Planning

There should be no impacts on network planning, as the multiplexing schemes take advantage of existing excess C/I available in current typical network layouts.Impacts on the Specification

The following specification documents are expected to be updated

	Specification
	Comments

	24.008
	Capability indication for HOM/MUROS

	44.018
	RR support for HOM/MUROS

	45.002
	Definitions of multiple users on MUROS channels

	45.003
	Channel coding definitions to support HOMUROS

	45.004
	Modulation definition for QPSK on uplink; QPSK with π/2 rotation on downlink

	45.005
	Performance requirements for new HOM/MUROS channels

	45.008
	Link quality measurements


2.6 Summary of Evaluation versus Objectives

[to be included]
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