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Summary
We propose the following to be captured as text in TR 25.814.
· In case of DL SIMO, only one shared data channel transport block is transmitted to a given user in a sub-frame

· In case of DL MCW MIMO, multiple transport blocks may be transmitted simultaneously to a given user in a sub-frame

· The number of transport blocks is less than or equal to minimum of Tx and Rx antennas
· All the transport blocks on the DL shared data channel to a given user in a sub-frame are mapped to the same set of time/frequency resources
2
TrCH Multiplexing
During the joint discussions with RAN2 during 3GPP RAN1 #44-bis, different kinds of proposals were presented for TrCH multiplexing in the downlink.
These proposals are outlined in Table 1 below:
	Proponent(s)
	SIMO Proposal
	MIMO Proposal

	Qualcomm

Ericsson

Samsung

LGE
	Single HARQ process per sub-frame
	N HARQ processes per sub-frame in parallel TB with N codewords

	Nokia
	Single HARQ process per sub-frame

	Motorola
	Multiple (2) HARQ processes per sub-frame in parallel

Multiple TB mapped on different VRB on different PHY resources

	NTTDoCoMo

Panasonic

Philips
	Multiple HARQ processes per sub-frame in parallel


Table 1

Downlink TrCH Multiplexing Proposals
Several issues were raised in those documents and we will analyze them in the following sections.
2.1
Simultaneous Support of Voice and Data
Most of the concerns for service multiplexing were raised in the context of voice and data, so we will restrict ourselves to the scenario when there are only two services for a given user – voice and full buffer data.

When different services are transmitted to the same user, they can be multiplexed using four degrees of freedom – L2, time, frequency and space. We will consider L2 muliplexing, TDM and FDM approaches in the subsequent text.
2.1.1
L2 Multiplexing

The QoS associated with voice and data is different. Human perception may accommodate a large residual BLER. For instance, for VoIP studies over HSPA, 1% to 3% residual BLER are being considered (see [2] and [3]) but require tight delays (100ms). Further, the delay tolerance of VoIP is larger than that of CS voice packets.On the contrary, it is assumed that the protocols exchanging data streams can accommodate a large delay but a very small residual BLER.
These different QoS requirements are used to configure the different protocols carrying voice or data. For example VoIP is carried over RTP (which does not perform retransmissions) and mapped on unacknowledged mode RLC. Data on the contrary is usually carried over TCP and mapped to acknowledged mode RLC.

However at the MAC level where the notion of a transport block is relevant, only the HARQ settings can provide differentiation between data streams using the following parameters:

· Average number of HARQ transmissions

· Maximum number of HARQ transmissions

The HARQ delay budget in L1 is much smaller for E-UTRA, in the order of ~10ms. As an example, with 6 HARQ processes and 0.5ms TTI, we can achieve 10ms one-way transmission delay with 3 transmissions at most.

From this perspective, the target L1 HARQ latency for VoIP and data cannot be very different – for instance, we might target at most 2 transmissions for VoIP and at most 3 transmissions for data. 
In order to achieve the different targeted residual error rates for voice and data services, both RLC and HARQ have to be appropriately configured:

· The typical voice residual error rate can be achieved by configuring RLC in unacknowledged mode and relying only on HARQ to provide up to 3% residual error rate.

· A typical data service would achieve its targeted residual error rate by setting RLC in acknowledge mode and relying on HARQ to reduce the error rate as much as possible.

· Given that RLC is now terminated in eNode-B, we might operate HARQ for data such that the L1 residual error rate is ~1% and rely on higher layer retransmissions if necessary.

A scheduler faced with the decision whether to mix voice and data packets together in the same transport block would only risk reducing the voice residual error rate from 3% to 1% which is not a significant difference and would only result in a slightly increased variance.

Therefore, if these two services are multiplexed onto the same transport blocks at L2, the link efficiency is not necessarily impacted.

2.1.2
Time Division Multiplexing

The peak data rate offered by E-UTRA is at least 100 Mbps using 2x2 MIMO and assumes that all the reources are granted to a single UE. 
With N HARQ processes in a 1x2 SIMO scenario, if a certain HARQ process is reserved for VoIP, the peak data rate reduces by a factor of 1/N. For 2x2 MIMO, the number of HARQ processes increases to 2N, while the number of HARQ interlaces remains N and the peak data rate reduces by a factor of 1/2N.

As an example, if the number of HARQ interlaces is equal to 6, the peak data rate with 2x2 MIMO drops to 91.6 Mbps. This assumes that if 12 TB can be transmitted to user during one HARQ round-trip time, 11 of those TB correspond to data packets and 1 corresponds to VoIP packets.
As a metric, peak data rate pertains scenarios when there is a single user in a cell. A more appropriate metric is the CDF of data rates (or fairness) offered in a system and typically, the change in offered data rate in a multi-user cellular layout is less sensitive to the number of HARQ processes.
Therefore, even if VoIP and data packets are time multiplexed as opposed to multiplexed at L2, we do not see any significant issue as such.
2.1.3
Frequency Division Multiplexing

Frequency multiplexing of services can be done by transmitting VoIP and data packets over a disjoint set of tones in one or multiple sub-bands.

There are several implications on the support channels for data:
· Uplink ACKCH

· The number of ACKs in the uplink increases by a factor of two

· For SIMO, there are two ACKs per sub-frame as opposed to one
· For NxM MIMO, there could be 2N ACKs per sub-frame as opposed to N
· For link budget limited users, this causes higher error rates on ACKCH

· SDMA using precoding
· The preferred precoding column vector(s) is reported by the UE from a codebook and can be different for different contiguous set of tones (sub-bands)
· The eNode-B scheduler needs to indicate the precoding column vector for both VoIP and data packets to the same UE, leading to additional downlink control overhead
· SU-MIMO using virtual antenna selection
· Similar to precoding, the choice of virtual antennas can be different for different contiguous set of tones (sub-bands)
· The eNode-B scheduler needs to indicate the virtual antenna indices for both VoIP and data packets, leading to additional control overhead
Therefore, frequency division multiplexing of VoIP and data packets on the same sub-frame leads to increased overhead in the downlink control signaling and uplink ACK signaling.
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