3GPP TSG RAN WG1 Meeting #87
R1-1611545
Lisbon, Portugal 10th - 14th October 2016
Agenda Item:
7.1.4.4
Source: 
Sony
Title:
Dynamic Resource Sharing for eMBB/URLLC in DL
Document for:
Discussion / decision
1. Introduction 
In RAN1#86bis the following was agreed:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 
This contribution discusses some aspects of dynamic resource sharing for URLLC and eMBB.
2. Discussion
The targeted use cases for NR are eMBB, URLLC and Massive MTC [1], where they operate within a single technical framework.  Hence, the transmission for these use cases, i.e. eMBB & URLLC, are expected to be multiplexed within a carrier.  The multiplexing of eMBB & URLLC in the downlink can be performed using orthogonal frequency or time resources, which can be up to scheduler implementation.  However, it is shown in [2] that using orthogonal frequency and/or time resources in multiplexing eMBB & URLLC, where resources are reserved for sporadic URLLC transmission is highly inefficient.  Hence, there is motivation to allow for dynamic sharing of resources (frequency and time) for eMBB & URLLC.
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Figure 1: Dynamic sharing of resources for eMBB & URLLC

Figure 1 shows a dynamic sharing of resources for eMBB & URLLC where the arrival of the URLLC transmission occupies a subset of the eMBB resources either by puncturing or superposition.  The dynamic URLLC transmission corrupts the eMBB transmission thereby degrading the eMBB transmission and in the case of superposition both the URLLC and eMBB transmissions are degraded.  The solutions proposed to overcome such corruptions can be divided into Corruption Unaware and Corruption Aware resource sharing.
2.1 Corruption Unaware Resource Sharing
In Corruption Unaware Resource Sharing, the UE receiving the eMBB transmission is unaware of the overlapping URLLC transmission, i.e. the URLLC corruption is propagated into the decoding chain.  Although the eMBB transmission can be recovered using additional HARQ retransmissions, it is shown [3] that the BLER performance is significantly degraded.  It should also be noted that eMBB retransmissions would consume a lot of resources given that the nature of eMBB is to provide very high data rate using large TBS.  Hence, to avoid such impact, the eMBB transmission needs to be robust against URLLC corruptions.
In [4] and [5], outer coding is proposed for eMBB transmission.  Here an eMBB TB is divided into multiple Code Blocks and outer coding parity checks are generated across each Code Block as shown in Figure 2.  If a Code Block is corrupted by URLLC transmission, the outer parity coding can detect it.  .  
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Figure 2: Outer coding to combat URLLC corruption

In [6] the Code Blocks of an eMBB TB are interleaved to spread the impact of a URLLC corruption.  It is claimed that gains can be achieved using such method.
Methods at the symbol level such as Signal Space Diversity (SSD) [7] can be used to make the eMBB transmission robust against URLLC corruption.  Here the rotated I & Q components of a symbol are interleaved such that they are separated by at least the resources (e.g. RE) occupied by the URLLC transmission as shown in the example in Figure 3 where the rotated I & Q components are interleaved such that they are shifted by k symbols.  Figure 4 shows an URLLC transmission with less than k symbols corrupting a portion of the eMBB transmission.  It can be seen that the eMBB resources corrupted by the URLLC transmission only affects one (e.g. either I or Q) component of the symbols sharing these resources whilst the other components of these symbols (located elsewhere in the transmission) are not affected.  For example in Figure 4, for the symbol Im-1+jQm-1, only the Q component, i.e. Qm-1 is corrupted by the URLLC transmission whilst the I component, i.e. Im-1 (located in the upper right hand corner) is not affected.  Since the rotation function of Figure 3 transforms the I and Q components of the input symbol such that the components Im-1 and Qm-1 can each project to unique points on the I and Q axes, reception of only Im-1 provides enough information to the SSD decoder on both the I and Q axes to allow successful de-mapping of the original QAM symbol transmitted by the QAM mapper.  It should be appreciated that SSD operates at the QAM symbol level and hence it can be used in addition with outer coding.
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Figure 3: SSD modulator with rotated I & Q shifted by k symbols
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Figure 4: URLLC corrupting parts of the I & Q components

Proposal 1: Consider Signal Space Diversity in dynamic resource sharing of eMBB and URLLC.

2.1 Corruption Aware Resource Sharing

In Corruption Aware Resource Sharing, the UE receiving eMBB transmission is aware that its eMBB transmission is corrupted by an URLLC transmission, e.g. punctured or superposed.  In [3] & [8], it is shown that if the URLLC punctured portion of an eMBB transmission is known to the eMBB UE, the performance is significantly better than that where the eMBB UE is not aware of the URLLC puncturing.  Hence, methods to inform the UE of corruption portions of the eMBB transmission are beneficial.  These methods can be divided into pre-indication and post-indication of the URLLC corruption.
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Figure 5: Pre-indication of URLLC transmission

In the pre-indication method, an indication is sent to the eMBB receiving UE prior to an URLLC transmission as shown in an example in Figure 5.  Here a downlink control channel such as a DCI is transmitted to indicate the resources used by an upcoming URLLC transmission.  In [9], the pre-indication is broadcast in a common DCI, which contains the resource allocation information of the URLLC transmission.  In [10] a preamble or PCFICH like indicator is transmitted first that indicates an upcoming URLLC transmission.  The pre-indication method requires the UE to constantly monitor for control channels which will increase UE complexity and power consumption.
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Figure 6: Post-indication of URLLC transmission

In the post-indication method, an indication is sent to the eMBB receiving UE after the end of the eMBB transmission to inform the UE of the portion of eMBB transmission that is corrupted by URLLC transmission.  This post-indication can contain the resource allocation of the URLLC transmission and if it is punctured by URLLC, the UE can exclude those resources in its receiving chain.  The post-indication can further contain details of the URLLC transmission e.g. modulation, which is beneficial if the URLLC transmission is superposed so that the UE can perform interference cancellation.  In [11], the post-indication is transmitted in a downlink control channel e.g. DCI at the end of the eMBB transmission as shown in Figure 6, where the UE can utilise this post-indication information if it fails to decode the eMBB transmission in the first attempt.  In contrast to pre-indication, post-indication as described in Figure 6 does not require the UE to constantly monitor for DCI, the UE can expect a DCI at the end of the eMBB transmission.  

In [8], the post-indication is transmitted in the DCI of the next scheduling period, which would require the victim eMBB UE to wait for such a DCI.  It should be noted that the gNB may not schedule this victim eMBB UE in the immediately following scheduling period.

Proposal 2: Introduce a downlink control channel at the end of an eMBB transmission to provide information on resources corrupted by URLLC transmission. 

In [10], the post-indication is transmitted in the form of a retransmission where the retransmission includes the eMBB portion that has been corrupted by the URLLC transmission rather than the entire TB.  This can be transmitted after the gNB receives a NACK from the UE.  It is also noted that to reduce latency, the retransmission can be transmitted after the end of the eMBB transmission without waiting for an acknowledgement from the UE.  Retransmitting only the corrupted portion would reduce the resources required for eMBB transmission and also target the region that needs to be repaired.
Proposal 3: Consider transmitting only the resources corrupted by URLLC transmission in a retransmission to a UE receiving eMBB.
It should be appreciated that Corruption Unaware Resource Sharing can also benefit from employing some of Corruption Aware Resource Sharing methods.
3. Conclusion

In this contribution we discuss the issues due to dynamic sharing of resources for eMBB and URLLC downlink transmissions and methods in combating corruption onto an eMBB transmission due to URLLC transmission in the downlink. We propose the following:
Proposal 1: Consider Signal Space Diversity in dynamic resource sharing of eMBB and URLLC.
Proposal 2: Introduce a downlink control channel at the end of an eMBB transmission to provide information on resources corrupted by URLLC transmission.

Proposal 3: Consider transmitting only the resources corrupted by URLLC transmission in a retransmission to a UE receiving eMBB.
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